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ANTEGALECTIN-1 (GAL1) MONOUCLONAL ANTIBODIES
AND FRAGMENTS THEREOF FOR NEUTRALIZING GAL1

Bacheround of the present invention

Galectin- | {Gall), a member of a hughly conserved family of carbobyvdrmie-binding
proteins, modulates immune responses and fosters tumor-immune escape through specific
recognition of A-acetvlactosamine (Gal-R1-4-NAcGle) residucs on the branches of N- ar
O-linked glycans {Juszezynski ef o, (2007) Proc Nail dead Sei 5 4 1041313413139
Rabinevich and Croot (2012} Inmnanity 36:322-335; Rahinovich and Toscane (2009 Nar.
Rev Impanol, 9:338~337; Bubinstein er of. (3004 Cancer Cell 5241251

Gall selectively induces the apoptosis of evtotoxic T cells and T helper {Th) 1 and
Thi7 cells by interacting with specifically sialated cell swriace glycoproteins, such as
CD48, CDAS and COT (Toscano er af, {2007) Nat Imnnmol. 8:825-834). Since ThZ cells
and regudatory T (Treg) cells fack dhe Gall-binding glveoprotein motif, Gall spares these
cells and fosters an immunosappressive Th2/ Treg-cnriched tamor microenviromment
{Toscano er al. {2007) Nat. Invmerol. $:825-834). Gall also promotes the expansion of
regulatory T {Treg) cells (Juszezynsky er ol (2007) Proe Nawl dead Sei 75 4. 10413134~

13139; Toscano ef al. (2007 N, Imonmol, 8:825-834) and Gall-ghycan interactions

avgment hypoxia-driven tuier angiogenesis {Croes ef al. (201234 Exp. Med. 209 19K5-
20001,

These molecular mechanisms underlic the effect of Gall on promoting classical
Hodgkin bymphoma (¢HL). cHL is a B-cell malipnancy diagnosed in approximately 20,000
new pationts in North America and Ewrope cach year; > 90% of these paticnts are voung
adulis. ¢HL include small mumbers of malignant Hodghkin Reed-Sternberg {HRS) cells
within s extensive Th2 Treg-skewed inflammatory infiltvate (Kilppers e af. {2002} 4
Oneol, 13:11-18; Juszezynski ef af. {2007} Proo Natf dcad Sei US4 H04:13134-1313%,;
Kiippers (2009) Nar Rev. Cancer $:13-27). HRS ceolls overexpress Gall, which selectively
kills Thl and cytotoxic T cells and promotes the imammosuppressive Th2Treg-
prodominant HL micreenvironment (Juszeayvnski e ol {2007} Proc Narl dcad Sei 17 S 4.
104:13134-13139). HRS cells lack B-cell receptor-mediated signals and rely on alternative
survival and prohiferative pathways activated by transcription factors, such as NF-«xB and
activator protein 1 (AP (Rippors af ol (20021 dnn. Oncel, 13:11-18; Mathas ef ¢l (2002}
EMBOJ 21:4104-4113; Schwering e ol (2003) Mol Med. 9:853-95). In cHL, the tumor

cells exhibit constitutive AP activation, express bigh levels of the AP components, clun
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and Jun B, and depend on AP b-mediated proliferation signals (Mathas er ol (UH12) EMBO
J21:4104-4113; Juszezynski e ¢f. (2007) Proe Nadl dcad Scé TN 4. 1041313413139,
Rodig er . Q2008) Clin. Carcer Res. 14:3338-33443 Although primary ¢HLs have a brisk
mflammatory infiltrate, there s bittle evidence of an effective host antitumor tmnwine
response. The reactive T cell population mncluded predominanty Th2-tvpe and
CD4+CD23aFoxP3 regulatory T cells that divectly suppress immane responses and
protect HRS cells from mmmune attack (Re e of. (2003} J. Clin, Oncol. 23:6379-6386;
Marshall ef gl {2004) Blood 103:1755-1762; Gandhi ef ¢l (2000} Blood T08:2280-2289),
Thi and natural killer and eytotoxie T cells are markedly underrepresented.

Increased Gall expression in wununolustochemical analvses of primary cHis is
associated with poorer event-free survival (Kamper er gl (2011} Blood 117:6638-6649). In
particolar, elevated seram Gall levels ave significantly associated with tomor barden and
adverse clinical features tn newdy diagnosed patients with cHL {Ouyang er o/ {2013) Blood
121:3431-3433), Morcover, Gall expression s also associated with EBV-associated posi-
transplant lymphoproliferative disorder (PTLD) (Gottschalk ef al. (2003) . Rev. Med.
56:29-44; Ouyang ef ol (2011 Blood 117:4165-4166 and 4315-4322), ML -rearranged
ALL Uuszezynski ef af, 2010) Clin, Cances Rex, 16:2122-2130), and Kaposi's sarcoma
{Tang ef gl (2010) Ouecol. Rep. 24:495-300). In addition to these select lymphoid
mahignancies and virally induced cancers, Gall 1s also expressed by many sobd tumors,
inchuding breast cancer (Croc ¢f e, (20123 . Exp. Med. 200:19R3-2000), prostate cancer
{Dalotto-Moreno er . (2013} Cancer Rex. 73:1107-1117), lunyg cancer {Laderach ef ol

{2013} Cancer Rex. T3R6-96), pancreatic cancer {Chung er of. (3012} Clin. Concer Res.
18:4037-4047), squamons celf carcinoma of the head and neck (Chang er of. (2008} ANZ T
Surg, TR245-251; Alves et af. (201 1) Pathol. Res, Proct. 207:236-40), hepatoccllular
carcinorna {Le &f of. (2003} .7 Clin. Oneol 23:8932-4 1), nasopharyngeal carcinoma { W ef
al. 2012y J. Gaxtroenterol. Hepatol 2T1312-1319), and melanoma (Rubinstein ef al.
{2004y Carcer Cell 5:241-251; Mathiou er ol (2012).0 Tavest. Dermarol 132:2243-2254),
Call expression has been dentified as an adverse prognostic marker n the above-
mentioned solid tumors. Morgover, Gall silencing is associated with anti-twnor effects in
breast cancer (Croci er ¢ (2012}.7 Fxp. Med. 309:1985-2000), prostate cancer { Dalotio-
Moreno e af, (2013) Cancer Res, 73:1107-1117), hang cancer (Laderach eraf. 2013)

Cuncer Res. 7T3:86-96), and melanoma {Rubinstein er of. (2004) Cancer Cell §:241-251),

B
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Given the broadly mmmunosuppressive activities of Gall, these results suggest that
Gall is a very powerfal target for therapy i many cancers and other disorders mediated by
Gall. In view of the above, it s clear that there remains a need in the art for compositions

and methods fo effectively neutralize unwanted Gall activity,

The present mvention relates m general to anti-galectine1 (Gall ) agents that
neutralize Gall function based on the wdentification of speeific anti-Gall epitopes that are
unexpectedly offective i generating noutralizing Gall agents.

It one aspect, a recombinant podypeptide of fess than or egual to about 60 gmino
acids in length comprising an anuno acid sequence that is at least 80%, identical to an amuno
acid sequence selected from the group consisting of residues 102-115 of SEQ ID NQs: 1-16
is provided. o onc embodinent, said polypeptide is equal to 14 asuno acids o fength, In
angther embadiment, said amine acid sequence 13 wentical to the amine acid sequence of
resicues 102-115 of any one of SEQ ID NOs: 1-16. In anothor embodiment, said
palypeptide further comprises a heterologous sequence. In stll ancther embodiment, the
polypeptide is isolated. In vet another embodiment, said polypeptide is covalenty finked to
a detectable label. I another embodiment, said polypeptide is covalently bonded o 2
carrier molecule or immobilized on an object (e.g., an object selected from the group
consisting of a cell, a metal, a vesin, a polymer, a ceramie, a glass, a microefectrode, a
graphitic parficle, a bead, a gel, a plate, an arvay, and a capiliary tube)

I another aspect, a recombinant nucleic acid molecule having a sequence that
hvhridizes under stringent conditions with the complement of & mucleic acid encoding a
polypeptide of the present mvention deseribed herein or having a sequence with at least
about 93% homology to a nacleic acid encoding a polypeptide of the present invention
described herein, wherein the nucleic acid moleaude is only as long as requived to encode
the polvpeptide 1s provided.

n stilf another aspoct, a veckor connprising a recombingnt pucleic acid of the present
mvention described herein, optionally wherein the vector 15 an expression vector
comprising a promoter to which the nucleic acid is operably linked, is provided.

In yet another aspect, a host cell which expresses a polypeptide of the present
mvention described herein, comprises a nuclete actd of the present imvention described

hevein, or comprises a vector of the present invention described herein, is provided.

¥
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In another agpect, an mmmunogenic composition comprising a polvpeptide of the
present invention deseribed herein, a nucleie acid of the present invention described heren,
a vector of the present mvention described herein, or a host cell of the present invention
described herein; and a pharmaceutically acceptable camer, are provided. Tnone
embodiment, the immunogenic composition further comprises at least one additional
iminunostimalatory agent (e.g, an adjuvant andfor an imymune checkpoint bthibitor). In
still another embodiment, the immune checkpoint 1s selected from the group consisting of
PD-1, PD-L1, PD-L2, LAG-3, TIM-1, CTLAS, VISTA, B7-H2, B7-H3, B7-Hd, B7-He,
284, ICOS, HVEM, CD160, gpdvB, PIR-B, KIR {fanuly receptors, TIM-1, TIM-4, BTLA,
SIRPalpha (CD47), CD4R, 2B4(CD244), B7.1, B7.2, ILT-2, ILT-4, TIGIT, A2aR, and
combinations thereof. In yet another embodiment, the imumunogenic composttion 1§
capable of eliciting nawtralizing anti-Gall antibodies in manmals,

1n stilf another aspect, an tsolated noralizing anti-Gall antibody, or antiges
binging portion thereof, that specifically binds to a polypeptide of the present invention
deseribed heremn, is provided. In one embodument, the antibody, or antigen binding portion
thercofl is a monoclonal antibody, polyvelonal antibody, chimeric antibody, humanized
antibody, single-chain antibody, antibody fragment, composiie, muring, haman, or is
detectably labeled. In another embodiment, the antibody, or antigen-binding fragment
thereof, is detectably tabeled, comprises an effector domain, comprises an Fe doman,
andfor is selected from the group consisting of Fe, Fav, Flab")2), Fab’, dsFv, scFv, soFvi2,
ard diabodies fragments.

Iy yet another aspect, a method of identifving a neutralizing anti-Gall antibody
comprising (a) administering an effective amount of an agent selected from the group
consizting of a polypeptide of the present invention described herein, a mecleic geid of the
present invention described herein, a vector of the present inveation desertbed herein, o host
cell of the present invention described herein, or an immunogenic composition of the
present invention described hevein, fo a subject to generate anttbodies that neatrahize Gall;
amd {b) isolating anti-Gall anttbodics specific for the aduinistered agent, s provided.

in another aspect, a method of identifying a neutralizing anti-Gall antibody
comprising {a) administering an effective amount of an agent selected from the group
consisting of a polypeptide of the present invention described herein, a mucleic acid of the
present invention described beretiy, a veotor of the present mvenfion described horein, a host

cell of the present invention described herein, or an immunogenic composition of the
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present nvention described heren, to B cells inan dv vigro cell calture system to generate
antihodies that neutralize Gall; and (b) isolating anti-Gall antbodies specific for the
adeunistered agent, is provided.
In still another aspect, a nmethod of making an tsolated bybridoma which produces a
5 neutralizing antu-Gall antihody that specifically binds to Gall comprising: a) immunizing a
mainal with or contacting B cells with an effective amoumnt of an agent selected from the
group consisting of a polypeptide of the present mvention described herein, 8 nuclesc acid
of the present ivvention described berein, a vector of the present smvention described herein,
a host cell of the prosent invention deserntbed herein, or an immumnogenic composition of the
10 present invention described herein b) optionatly isolating splenocyies from the inwmeuzed
mammal; ¢} fusing splenocytes from the inwpunized mammal or B cells with an
immortaized cell line to form hybridomas; and d) screenming individual hybridomas for
production of an anti-Gall antibody which specifically binds with the agent, is provided.

in vet another aspect, an antibody produced by a method of the present invention

L

deseribed heremn, is provided.

In another aspect, a method of chciting an anti-Gall immuane response in a sabjoct
comprising administoring to the sebjoct a prophylactically or therapeatically effective
ammay of an agent selected from the group consisting of a polypeptide of the present
mrvention described berein, a nucleic acud of the present imvention described herein, a vector
A of the present invention deseribed herein, a host cell of the present invention described
heretn, an imowmogenc composition of the present invention descnibed herein, or an
antibody of the present mvention desentbed herein, to thereby elicit the inmune response, s
provided. In one embodiment, the agent 1s administered in a single dose, admimstered in
multiple doses, or 1s adminstered as part of a heterologous prime-boost regimen.

38 In stifl another aspect, 3 method of hibiting Gall activity in a subject comprising

administering to the subject a prophylactically or therapeutically effective amount of an

agent selected from the group consisting of a polypeptide of the present invention described
herein, a nucleic acid of the prosent invention described berein, a vector of the present
wvention deseribed herein, 3 host cell of the present invention described herein, an

W inumunogenic composition of the present invention described herein, or an antibody of the

prosent ivention described herein, therehy inhibiting Gall activity in the subject, is

provided,

¥
L
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In vet another aspect, a method for preventing or delaying the onset of, or slowing
the rate of progression of, a disease in a subject mediated by Gall activity, comprising
adenistering to the sebject a prophylactically or therapeutically effective amount of an
agent selected from the group consisting of a polypeptide of the present invention described
herein, a nocleic acid of the present invention deseribed herein, a vector of the present
mvention described herein, a host cell of the present invention described herein, an
immunogenic composition of the present invention deseribed heremn, or an antibody of the
present invention deseribed herein, thereby preventing or delaying the onset of, or slowing
the rate of progression of, the Gall-mediated disease 1n the subject, is provided.

Ceriain embodunents can be applied to any method of the present invention
described herein. For example, the method can further comprise admimistermy at least one
additional agent that upregulates an fmmune response. In another embodiment, the at feast
onc additional agest comprises an inhibitor of an inwnanc checkpoint, In still another
embodiment, the sunnme checkpoint is selected from the group consisting of PD-1, PD-L1,
PD-L2 LAG-3, TIM-1, CTLA-4, VISTA, B7-H2, B7-H3, B7-H4, B7-H6, 2B4, ICOS,
HVEM, CD160, gpdoB, PIR-B, KIR family receptors, TIM-1, TiM-4, BTLA, SIRPalpha
(CD4T), €48, 2B4 (UD244), B7.1, B7.2, ILT-2_ ILT-4, TIGIT, A2aR, and combinations
thereof. In yet another embodiment, the Gall-mediated discase is a Gall-positive cancer,
Gall-mediated angiogenesis disorder, AP L-dependent lymphowd malignancies, MLL-
rearranged ALL, EBV post-transplant tymphoproliferative disorder (PTDL),
nasopharyngeal carcinoms, Kapost's sarcoma, breast cancer, prostate cancer, hung cancer,
pancreatic cancer, squamons cell carcinoma of the head and neck, hepatocetiolar
carcinoma, and melanoma. In another embodiment, the subject is a mammal. Iy soll

another embodiment, the manunal i3 3 lwman.

Brief Description of Figures

Figure 1 shows cross-reactivity of anti-Gall monoclonal antibody, 8A12, on
cndogenous human and murine Gall on Westora-blot {WB). WE analvsis of cell lvsates
dertved from buman Hedgkin vinphoma fine, L42¥ and mwrine mclanoma line, B16-F10,
Lysates wore probed with 8A12 at different titvation showing a specific band of Gall (~14
k), BAILZ recognizes endogenous haman and murine Gall at similar range of tires.

Figure 2 shows a schematic diagram of recombmant OST-tagged or HIS-tagged

huwman Gall hGall) and fragments.

-6 -
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Figure 3 shows a ribbon diagram of the homodimeric hGall with two lactose
moleaudes prepared with MOLSCRIPT. The f-strands in the five-stranded {F1-F5} and six-
stranded (S1-86a/56b) P-sheets are indicated by the lettee-manber code. The figure was
adapted from Lopez-Lucendo ef af {2004) 7 Aol Bial 343957970

Figure 4 shows the results of fine epitope mapping for the §F4 mAb.

Figure 5 shows a schematic diagram summarizing the fine eptiope mapping resudis
for the 8F4 mAb.

Figure 6 shows the results of BlAcore analyses for the 8F4 mab.

Figure 7 shows a soquence compartson between mouse Gall (mGall) and hGall in

the region swrrounding and including the epitope that 8F4 mAb hinds,

Detailed Description of the present invention

The presomt ovention 1s based i part on the discovery of galeetin 1 {Gall) epitopes
agatnst which anti-Gall agents can neutrabize Gali function, as well as anti-Gall agents and

methods useful for nevtrabizing Gall function.

I Definitions

The articles "a” and “an™ are wsed hevein to refor © one oy fo more than one (e o
at least one) of the grammatical object of the article. By way of example, “an element”
means one clement or more than one clement.

The term “adprvants” refers 1o any agent suitable for enhancing the immunogenicity
of an antigen, such as protem and nucleie actd. Adjuvants suitable for use with protem-
hased mmmunogens are well known i the art and mclude, bt are not limited to, alum,
Freund's incomplete adjuvant (FIA), Saponin, Quil A, Q821 Ribi Detox, Monophosphoryl
hipid A (MPL), and noniowic block copolymers such as L-121 (Phuonic; Syntex SAF)
Methods of combining adpvants with antigens are well known to those skilled in the art.
Adpuvants can also be in particulate form, The antigen can be incorporated tide
biodegradable particles composed of poly-lactide-co-glveolide (PLG) or sinilar polymeric
material. Such iodegradable particles are known to provide sustained release of the
immznogen and thereby stinnlate long-lasting imneac responses 1o the immwmogen. Other
particelate adjuvants, inclade but are not limited to, micellular nuxtures of Quit A and
cholesterol known as immunostinudating complexes (ISCOMs) and alununenm or ivon
oxide beads. 1t is also known to those skilled in the art that eytotoxie T hymphooyie and

other cellular immune responses are elicited when protein-based tmmunogens are
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fornudated and adnunistered with appropriate adjuvants, such ag ISCOMs and nueron-sized
polymerie or metal oxide particles. Suitable adpsvants for nucleic acid-based vaccines
inclade, bot are not limited to, Quil A, interleukin-12 delivered in purified protein or
nucleic acid form, short bacterial immunostiondatory nucleotide sequence, such as CpG-
containing monfs, interleukin~-2g fusion proteins delivered in purified protein or nucleic
acid form, ot in water micro-cnmdsions such as MF39, polvmenic microparticles, catiomic
liposomes, monophosphorvl lipid A (MPL), immunomodulators such as Ubenimiex, and
genctically detoxified toxins such as E. coli beat labile toxin and cholera toxin from Vibrio.
Such adiuvants and methods of combining adjuvants with antigens are well knowa to those
skilled in the art. In addition, methods for combining antigens and particulate adjuvants are
well known to those skitled i the art.

The term “Gall-mediated disorder™ refers to any condition characterized by aberrant
or otherwise unwanted Gall expression. Exenmplary Gall-mediated disorders melude,
without limitation, cancer, angiogenests, hvpoxia-associated angiogenesis, and post-
transplantation hymphoproliferative disorder. Galectin-1 {Gall) protem expression and
franseript abundance are highly correlated (Juszcevnski ef of. {2007) Proc, Nadd dcad. Sci.
US4 104 13134-13139; Quyang ef af. Q011 Blood 117:4315-4322 and accompanying
editorial w Blood (201 1) 4317:4165-4166). Gall is expressed by multiple tumor fypes,
including select hymphoid malignancies, virally induced cancers and many sohid tumors.

For example, lvmphoid malignancies include, but are not limited to, AP1-dependent
tvimphoid malignancies such as classical Hodghin bvimphoma (¢HL Y and anaplastic {arge
cell lymphoma (luszczynski ef ol 2007 Proc. Nail, Acad, Sci. US54, 104:13134-13139;
Ruodig ef af. (2008) Clin. Concor Res, 14:3338-3344). Gall is a prognostic marker in cHL
{Kamper er af. G011) Blood 117:6638-6649). Gall also mediates MLL-rearranged ALL.
In a comprchensive study, all 32 primary MLL-rearranged ALLs were Gall+, regardless of
transiocation partner, whereas only 2781 germline MLL ALLs expressed Gall (Juszezynski
af gl 2010) Clin. Concer Rex, 16:2122-2130), MLL-rearranged ALL 15 a poor prognosis
discase that requires different treatmoent (Fuszezvinski f of. (20180Y (lin. Cancer Res.
16:2122-2130).

Galli-mediated virally induced malignancies include, but are not limied to, EBV
post-transplant {ymphoproliferative disorder (PTLDY {Ouyang ef of. (2011) Blowd

11743154322 and accompanying cditorial in Blood (Z2011) 4317:4165-4166),

-R-
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nasopharyngeal carcmoma { Tang e ol (201D Oseel Rep. 24:495-300), and Kaposi's
sarcoma {Croct e al. (QO12} .7 Exp. Med, 209198520003,

Gatl-mediated solid turmos inchade, but are not limited 1o, breast cancer {Dalotio-
Moreno ef al. (2013 Cancer Rex. 731 107-1117), prostate cancer {Laderach er of. (2013}
Cancer Res. 7T3:86-96), lung cancer (Chung ¢f al. (2012) Clin. Cancer Res. 18:4037-4047),
pancreatic cancer (Chung of of. {(J008) ANZ 7 Swrg. T8:245-251 ), squamous cell carcivnma
of the head and neck (Abves ey of {3011 Padhol. Res. Pract, 207:236-240; Le er ol (2005)
JoCling Oneol. 23:8932-894 1), hepatocellular carcinoma (W et af. (2012).4 Gastroanieral.
Hepated 27:1312-1319), and melanoma (Mathieu e e, (2012} Invest. Dermagol.

32:2245-2254; Rubinstein ef of. (2004) Cancer Cell 5:241-251). Gall expression 15 also
an adverse prognostic marker 1 all of the above-mentioned solid tumors and Gall silencing
i associated with ant-tumor effects in breast {Dalotto-Moreno ¢f af. (20133 Cancer Res.
T3:1107-1117), prostate (Ladeorach of af. {208 3) Cancer Res. 73:86-96}, and hung {Chang e
al (A012) Chin. Cancer Rex. 18:4037-3047) cancer and melanoma (Rubinsten of o, 2004)
Caneer Cell 5:241-2581). Moreover, Gall transcripts are increased in multiple types of
CICETS,

The term “angiogenesis™ or "neovascularization” refors to the process by which new
blood vessels develop from pre-existing vessels {(Vamer er ¢f. {1999) dagiogen. 3:53-60;
Mousa e af. (2000) dngiogen. Sthm. Inhib, 33:42-44; Kirn e7 o, (2000) Amer. J. Parh.
156:1343-1362; Kim ¢f af. (20003 Biol, Chem. 2753:33920-33928; Kumar ¢t al. {20800
Angtogenesis: From Moleouar to Integrative Pharm. 169-1803, Endothelial cells from pre-
existing blood vessels or from circulating endothehal stem cells (Toakahashy ef af (1995)
Nt Med, 3:434-438; Isner et al. (1999 .1 Clin, Favest. 103:1231-1236) become activated
to migrate, profiferate, and ditferentiate into structures with henens, forming new blood
vessels, in response to growth factor or hormonal cues, or bypoxic or ischenyic conditions.
During ischemia, sach as ocours in cancer, the need to mcrease oxygenation and defivery of
netrients apparently induces the secretion of angiogemie factors by the affected tissue; these
factors stimulate now blood vessel formation. Several additional forms are related to
angiogeness.

For examiple, the tenm “tissue exhibiting angiogenesis” refers (o a tissue in which
new blood vessels are developing from pre-existing blood vessels,

. LAY

As used herein, the torm “inhibuting angiogenesis,” “diminishing angiogenesis,”

“reducing angiogenesis,” and grammatical equivalents thereof vefer to redacing the level of
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angiogenesis m a tasoe to a quantity which is at least 10%5, 15%,, 20106, 25%, 30%, 35%,
4019, 43%, 50%, 359%, 609%, 63%, TO%%, T5%, &0%, 5394, 90%, 93%., Y9% or less than the
guantity in g corresponding controd tissae, and most preferably is at the same level which is
observed in a control tissue. A reduced level of angiogenesis need not, although # may,
mein an absolute abse f angiogenesis. The fnvention does not require, and is not
himited to, methods that wholly elinminate angiogenesis. The level of angiogenesis may be
deternuned using methods well known in the art, including, without hmitation, counting the
number of blood vessels and/or the number of blood vessel branch pomts, as discussed
herein and i the examples. An alternative i viro assay contemplated includes the mibndar
cord formation assay that shows growth of new blood vessels at the cellular level DL S,
Grant et al., Cell, 38: 933-043 (1989)]. Art-accepted i vivo assays are also known, and
mvolve the use of varous fest animals such as cluckens, rats, muce, rabbits and the hke.
These i vive assays inchude the chicken choricallantoic membrane {TUAM) assay, which is
suitable for showing anti-gngingenic activity in both normal and neoplastic tissues
{Ausprunk (1975} Smer J Paih, 79:597-610 and Ossonowski and Reich (1980} Cancer
Res, 34:2300-2309Y. Other i vive assays Inchade the mouse metastasis assay, which shows
the alnlity of a compound to reduce the rate of growth of ransplanted tumors in certain
mige, or o inhibit the formation of tumors or prencopldastic cells in nuce which are
predisposed to cancer or which express chemically-induced cancer {(Hamphries f ¢/ {1986)
Science 233:467-470 and Humphries et o, (1988).2 Clin. Favest. 81:782-790). Moveover,
i some eatbodiments, angiogenesis can be measured according fo such atiribudes as
pericyte mataration and vascular remodehing as desertbed frther heren.

As used berein, the term “hypoxia associated angiogenesis” or “hypoxia-indeced
angiogenesis” refers generally to the process of pathological angiogenesis in non-neoplastic

disease states and is typically, although not necessartly, accompanied by & transition to a
neoplastic state. Hypoxia-induced transcription factors (HIFs) induce the expression of
angiogenic factors mcluding BIF-tzipha, VEGF, mitric oxide synthase, PDFG, Ang2, and
others. As a result, hypoxia associated angiogenesis encoapasses 2 well-known set of
pathelogical conditions characterized by such a process Pugh ef of. {2003 Nar Med 9, 677-
H8E; Frasst ¢ ad. 2009} Dev Cell 16, 167-179:Fervara or of. (2005) Nature 438, 067974,
Ferrara (2010} Corokine Growth Factor Rev 24, 21-26]. In some eabodiments, the set of

hypoxia associate angiogenesis pathologies mchudes, but s not Hinited to, neoplasms and
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WO 2015/013389 PCT/US2014/047784

caneers, age-related macular degeneration, diabetes retinopathy, atherosclerosis, chrome
ohstractive fung disease, and psoriasis.
Unless otherwise specified here within, the tenms “antibody™ and “antibodies™
broadly encompass naturally-occurring forms of antibodies (e.g. TgG, IgA, IgM, TgE) and
5 recombinant antibodies such as single-chan antibodies, chimerie and humamized antibodies
arud mnulti-spectiic anttbodies, as well as fragments and derivatives of all of the foregong,
which fragments and derivatives have at least an antigenic binding site. Antibody
dersvatives may comprise a protein or chemical mosety conjugated to an matibody. An
“watibady” refers to a glvecoprotein comprising at east two heavy (M) chains and two light
16 {L) chams mter-connected by disulfide bords, or an antigen binding portion thereof. Each
heavy chain s comprised of a heavy chain varsable region (abbreviated heremn as Vi and a
heavy chain constant region. The heavy chain constant region is comprised of three
domains, CHI, CH2 and CH3. Each light chain is comprised of a light chain varniable

region {abbreviated herein as Vi) and a Light cham constant region. The light chain

L

constant region is comprised of one domain, CL. The Vi and Vy regions con be further
subdivided into regions of hyporeariability, termed conyrlementarity determining regions
{CDR), interspersed with regions that ave more conserved, termed fFramework regions (FR).
Each Vyand Vi is composed of three CDRs and fowr FRs, arvanged from anyino-ternunus
to carboxy-termines in the following order: FRY, CDR1, FR2, CDR2, FR3, CDR3, FR4.
A The variable regions of the heavy and light chains contain & binding domamn that interacts
with an antigen, “Ieactivating antibodies” refers to antibodies that do not induce the
complement systam,

The term “antibody™ as used herein also includes an “antigen-binding portion”™ of an
antibody {or simply “antibody portion™), The torm “amtigen-binding portion™, as used
25 herein, refers fo one or move fragments of an antibody that retain the ability to specifically

bind to an antigen {e.g., Gall polypeptide or fragment thercof). 1t has been shown that the

antigen-binding fimction of an antibody can be performed by fragments of a full-length
antiboddy. Examples of binding fragments crncompassed within the torm “sutigen-binding
portion” of an antibody mchude {1} a Fab fragment, 3 monovalent fragment consisting of the
30 VL, VH, CL and CHI domains; {11} a Flab'yy fragment, a bivalent fragment comprising two
Fab fragments finked by a disuliide bridge at the hinge region; (it a Fd fragment
consisting of the VH and CH1 domains; (iv) a Fv fragment consisting of the VL and VH

domains of a single arny of an antithody, (¥) a dAD fragment {Ward er ol (1989) Naawre
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341:544-540), which consists of a VH domain and {vi) an isolated complementanty
deternuning region {CDR). Furthermore, although the two domans of the Fv fragment, V1
and VH, arc coded for by separate genes, they can be joimned, using recombinant methods,
by a synthetic linker that enables them to be made as a single protein chain in which the VL
and VH regions pair to form monovalent polypeptides (known as single chain Fy {scFv);
see e.g., Bird et ol (1988} Science 242:423-426; and Huston of ol {1988) Froc. Noil dead.
Sei. 1754 83:5879-3883; and Osbourn ¢t al. 1998, Nature Biotechnology 16: 778). Such
single chan antibodies are also miended to be encompassed within the fenm “antigen-
nding portvon” of an antibody. Any VH and V1 sequonces of specific seFv can be laked
to human invnunaglobulin constant region ¢DNA or genomie sequences, mn order to
generate expression vectors encoding complete 1gG polypeputides or other ssotypes. VH and
VL can also be used m the generation of Fab | Fv or other fragments of immunoglobuling
asing cither profein chenustry or recombinant DNA technology, Other forms of smgle
chain antthodies, such as diabodics are also encompassed. Diabodies are bivalent,
bispecifie antibodies in which VH and VL domains are expressed on a single polypeptide
chain, but using a Hnker that is too shost to allow for pairmy between the two domains on
the same chain, thereby forcing the domains o pair with complementary domains of
another chain and creating two antigen binding sites (sec e.g, Holliger, P, e o/ {1993
Proc. Nab. dead. Sci. US4 90:6344-6448; Poljak, R. L, er¢f. (1994) Stevecture 2:1121-
1123y

Still further, an antibody or amtigen-binding portion thereof oay be part of larger
innmunoadheston polypeptides, formed by covalent or noncovalent association of the
antibody or antibody portion with one or more other proteins or peptides.  Examples of such
immanoadhesion polypeptides inchude use of the streplavidin core region to make a
totraneric seFv polypeptide (Kipriyanov, S M., et ol (1995} Human dnithodies and
Hybridomas 6:93-101) and use of a cysteine residue, a marker peptide and a C-tenminal
polvhistdine tag to make hivalent and biotinylated scFv polypeptides (Kiprivanov, S M., &
af, (1994} Mol bumruned, 311047- 1058} Aatibody portioas, such as Fab and Flab'
fragments, can be prepared from whole antibodies using conventional techniques, such as
papain or pepsin digestion, respectively, of whole antibodies. Moreover, antibodies,
antibody portions and mmunoadhesion polypeptides can be obtained using standard

recombinayd DNA fochniques, as described herein.
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Antibodies may he polyelonal or monoclonal; xenogeneic, allogeneic, or syngeneic;
ov modified forms thereof (e.g., hbamanized, chimeric, ete). Antthodies may also be fully
human. In one embodenent, antibodies of the present invention bind specifically or
substantially specifically o Gall polypepudes or fragments thercof. The terms
“monoclonal antibodies” and “monocional antibody composition”, as used herein, refer to a
popmdation of antibody polypeptides that contain only one species of an antigen binding site
capable of inumunoreacting with a particular epitope of an antigen, whereas the term
“polyclonal antibodies™ and “polyclonal antibody composition™ refer 10 a population of
antibody polypeptides that contatn multiple species of antigen binding sites capable of
nferacting with a particalar antigen. A monecional antibodv composition typieally
displays a single binding affinity for a particular antigen with wiich it immunoreacts.

The term “body fluid” refers to fuids that are excreted ov secreted from the body as
weoll as flaids that are normally not {e.g. amniotic thud, agueous humer, bile, blond and
blood plasma, cerebrospinal fluid, corumen and carwax, cowper’s fhutd or pre-gjaculatory
fluid, chyle, chyvme, stool, female cjaculate, interstitial fiwrd, intracellular thud, lymph,
menses, breast midk, macus, plewral fluid, pus, saliva, scbam, somen, scrum, sweat,
synovial fluid, tears, wrine, vaginal lebnication, vitreous hamor, vomit).

The terms “cancer” or “tumor” or “hyperproliferative disorder™ refer to the presence
of cells possessing characteristics typical of cancer-causing cells, such as uncontrolied
proliferation, mamortality, metastatic potential, rapid growth and proliferation rate, and
cortain characteristic swwphological fratures. Cancer celis are often in the form of a tumor,
but such cells may exist alone within an animal, or may be a non-tamorigenic cancer cell,
such as a leukenna cell. Cancers include, bot are not hnted to, B cell cancer, e.g., maultiple
mycloma, Waldenstrdm's macroglobulinemna, the heavy chain discases, such as, for
example, alphi cham disease. gmma chain disease, and nu chain disease, benign
monoctonal gammopathy, and immunocytic amyloidosts, melanomas, breast cancer, lung
cancer, bronchus cancer, colorectal cancer, prostate cancer, pancreatic cancer, stomach
caucer, ovarian cancer, urinary bladder cancer, brain or central nervous systen: cancer,
peripheral nervous svstom cancer, esophageal cancer, cervical cancer, uteriae or
endometrial cancer, cancer of the oral cavity or pharvax, hiver cancer, kidney cancer,
testicudar cancer, biliary fract cancer, small bowel or appendix cancer, salivary gland
cancer, thyroid gland cancer, adrenal gland cancer, osteosareoma, chondrosarcoma, cancer

of hematological tissues, and the ke,



WO 2015/013389 PCT/US2014/047784

The terms “CDRY, and s plural "CDRs™, refer to a complementarity determining
region {CDR) of which three make up the binding character of a light chain variable region
{COR-LY, CDR-L2 and CDR-L3) and three make ap the bindmg character of a heavy chain
variable region (CDR-H1, CDR-H2 and CDR-H3). CDRs contribute to the functional

5 activity of an anubody molecale and are separated by amino acid sequences that comprise
seaffolding or framework regions. The exact defimtional CDR boundaries and lengths are
subject to different classification and numbering svstems. CDRs may therefore be referved
to by Kabat, Chothia, contact or any other boundary defuntions. Despite differmg
boundartes, cach of these systems has some degree of overlap in what constitaies the so

16 called “hypervariable regions™ within the vanable sequences. CDR defitions according to

these systems may therefore differ in length and boundary arcas with respect 1o the adjacent
framework region. See for examptle Kabat, Chotlua, andior MacCallum er ol (Kabat ef ol
1 “Sequenees of Proteins of Imswmological Tnterest,” 3% Bdition, U.S. Depariment of

Health and Human Services, 1992; Chothia ef of {1987 I Mol. Biol. 196, 901 and

L

MacCallomoer ol | 1. Mol. Biol. (1996) 262, 732, cach of which 1s incorporated by reference
s entirety),

As used herein, the torm “coding region™ sefers to regions of a nucleotide sequence

comyprising codons which are translated into anuno acid residues, whereas the term
“noncodng region” refers to regioms of a nucleotide sequence that are not tansiated 1ato
A amino acids (2., 5 and 3 untranslated regions).

“Complementary™ refors o the broad concept of sequence complomentarity between
repions of two nucleie acid strands or between two regions of the same neclere actd strand.
It 1s known that an adenine residue of a first nucleic acid region is capable of forming
speetfic hydrogen bonds (“base patring™) with a residue of 3 second nucleic actd region
25 which 15 antiparallel to the first region if the residue is thymine or uracil. Simtlarly, it is

known that a cytosine vesidue of a first noclere actd strand 1s capable of base pairing with a
residue of a second nuclete acid strand which is antiparalie! to the first strand if the residue
18 guanine, A first region of a nucleic acud is complementary to a second region of the same
or a different nucleie acid if, when the two regions are arranged in an autiparaliel fashion, at
W least one nucleotide residue of the fivst region is capable of base pairing with a residue of
the second region, In one embodiment, the first region comprises a first portion and the
secondd region coraprises @ sceond portion, whereby, when the first and second portions are

arranged in an antiparallel fashion, at least abowt 30%, and preferably at least about 75%, at
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{east abowt V0%, or at least about 95% of the nucleotide residues of the first portion are
capable of base pairing with nucleotide residues in the second portion. In another
cmbodiment, all nacleotide residues of the first portion are capable of basc pairing with

nuclcotide restdues in the second portion,

5 As used herein, the ferm “composite antibody™ refers to an antibody which has
variabie regions comprising germbine or nos-germbine inmunoglobulin sequences from two

ot more unrclated variable regions. Additionally, the term “composite, human antibody™
refers to an antibody which has constant regions denved from buman germline or non-
gormiline imonmoglobwdin sequences and vartable regions comprising human germbine or
10 non-germline sequences from two or more uarelated buman variable regions, A conposite,
human antibody 15 uscful as an effective component n a therapeutic agent according 1o the
present imvention since the antigeniaity of the composite, human antibody in the lwoman
body is lowered.

The term “effcctive amount”™ refers £ an amount sufficient to achieve a desired

L

result. For example, a “prophylactically effective amount™ refers to an amownt sufficient fo

reduce the likelihood of a disorder from occurring, In addition, a “therapeutically effoctive

amount” refers fo an amount offective to slow, stop or reverse the progression of a disorder.
As used herein, the term “Fo region” 15 used to define a C-ternmunal region of an
pomunoglobulin heavy chan, inchuding native-sequence Fe regions and variant Fe regions.

A Althoagh the houndaries of the Fe region of an immunoglobahin heavy chain mught vary,

the lroan {gl beavy-chain Fo region is wsually defined to stretch from an aming acid

resichue at position Cys226, or from Pro230, o the carboxyl-terminus thereof. Suttable
native-sequence Fo regions for use in the ansbodies of the present invention inchude human

TeGl, 192 (eG2A, 1gG2B), 1gG3 and 1G4,

25 As used herein, “Fe receptor” or “FeR™ deseribes a receptor that binds to the Fe
region of an antibody. The preferred FeR s a native sequence human FeR. Morcover, a
preferred FeR i one which binds an [gQ antbody (a gamma receptor) and includes
receptors of the FeyRI, FoyRI, and FeyR1 subclasses, mchuling allchic variants and
alicrnatively spliced forms of these receptors, FoyRHE receptors include FoyRUA (an

3 “activating receptor” } and FeyRIIB (an “inhibiting receptor™), which have similar amine

actd scguences that differ primarily in the eytoplastie domains thereof. Activating

recepior FoyRIEA contains an smmunorcceptor tyrosine-based activation motf (ITAM) w

its evtoplasmic domain, Inhibiting receptor FeyRIIB contains an immunoreceptor tyrosine-
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based inhibition ywonf (ITIM} in it cvtoplasmic doman (see M. Dagron, dnnn. Nev,
Inpmanol, P5:203-234 (19973, FoRs are reviewed i Ravetch and Kinet, Assu Rev.,
Tl 9; 45792 (1991, Capel e al | Impumomethods 4: 25-34 (1994); and de Haas ef
al  F Lap Clin, Med 126: 330-41 {1995}, Other FeRs, including those to be identified in
5 dhe futwe, ave encompassed by the termy “FeR™ herem.
A molecule is “ixed” or “affined”™ 1o 3 substrate if if is covalently of non-covalently
assoctated with the substrate such the substrate can be rinsed with a fluid {e.g. stondard

saline citrate, pH 7.4} without a substantial fraction of the molecule dissociating from the

substrate.
i0 As used herein, “framework”™ or "FR” residucs are those variable-donwin residuces

other than the HVR residucs as herein defined.
“Fanction-conservative variants” are those in which a given anuno acid residue ina
protein or enzyme has been changed without altering the overall confinvoation and fusction

of the polypeptide, including, but not hiouted to, replacement of an amine acid with one

L

having stmitlar properties {such as, for exmmple, polanty, hydrogen bonding potential,
acidic, basie, hvdrophoebic, aromatic, and the like). Amino acids other than those indicated
as conserved may differ in a protein so that the percent protein or amino acid sequence
simiiarity between any two proteins of sinnlar function may vary and may be, for example,
from 70% to 99% as determined according to an alignment scheme such as by the Cluster
Ay Method, wherein simitarity 1s based on the MEGALIGN algorithm. A “fanction-
corservative varant alse includes a polypeptide which has at least 60% amino acid
whentity as deternuned by BLAST or FASTA alporithms, preferably at least 75%, more
preferably at least 85%, still preforably at Jeast 90%, and even more preferably at least 95%,
and which has the same or substantially similar properies or fimetions as the native or

25 parent protem to which it is compared.

As used herein, the term “heterologous antibody™ is defined in relation to the
transgenic non-human orgamism produciing sach an anttbody. This term vefers to an
antibody having an anuno acid sequence or an encoding nucleie acid sequence
carresponding to that found in an organism not consisting of the transgenic non~-himan

W amimal, and generally from a species other than that of the transgonic non-human animal.
“Hormologows™ as used herein, refers to nucleotide sequence similarity between twao
regions of the same nucleie aoid strand or between regions of two different nucleic acid

strands. When a nucleotide residue position mn both regions is occupied by the same
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nucleotide residuoe, then the regions are homologous at that position. A fivst region 1s
homologous to a second region if at least one nucleotide restdue position of cach region is
occupied by the same residue, Homology between two regions is expressed i terms of the
proportion of nucleotide residue positions of the two regions that are occupied by the same
5 nacleotide residue. By way of example, a region having the nucleotide sequence §'-
ATTGCC-3 and a region having the nucleotide sequence S-TATGOGC-3' share 50%
homology. Preferably, the first region comprises a first portion and the second region
comprises a second portion, whereby, at least about 30%, and preferably at least about 758%,
at least about B0%, or at least about ¥3% of the nucleotide residue positions of cach of the
10 portions are occapied by the same nucleotide reatdue. More preferably, all naclestide
residue posttions of cach of the portions are occupied by the same nucleotide residue.
Asused herein, the term “host cell™ is intended to refer to a cell into which a nueleic
acid of the present wvention, such as a recombinant expression veetor of the present

mvention, has been miroduced. The torms Thost cell” and “recombinant host eell”™ are used

L

interchangeably hercin, It should be understood that such terms refer not only to the
particudar sebioct cell but to the progeny or potential progeny of such a el Because
certain modifications mav ocowr in saccepding gencrations due to either mutation or
environmental influences, such progeny may not, in fact, be wdentical to the parent cell, but
are stilf mcluded within the scope of the term as used herein,
243 The term “humamized antibody”, as ased herein, is intended fo include annbodies
made by a non-tuoan cell baving vanable and constant regions which have been altered to
more closely resemble antibodies that would be made by a human cell. For example, by
altering the non-human anttbody amino acid segaence to incorporate amino acids found
hnman germitne mmmunoglobudin sequences, The nanized antibodies of the present
35 invention may mohude aniino acid residues not encoded by human gerndine
tomunoglobulin sequences {e.g., nustations introduced by random or sue-specifie
nRgtagenesis & vigre or by somatic mutation i vive), for example in the CDRs. The term
“humamized antibody ™, as used herein, also mcludes anttbodics i which CDR sequences
derived trom the germbine of another mammalian species, such as a mouse, have been
W grafted onto human framework sequences.
As used herein, the teem “hypervariable region,” “"HVR,” or "HV,” refers o the
regions of an anttbody-vartable domain that are hypervartable in sequence anddor form

structwrally defined loops. Generally, antibodies comprise six HVRs; tdwee in the VH (H1,
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H2, H3), and three in the VL (L1, L2, L3} In native antbodies, H3 and L3 display the
most diversity of the six HVRs, and H3 n particular 1 believed to play a wmque role in
conferring fine specifictty to antibodies. See, eg. Xu ef &l (2000} Invmonity 13, 37-45;
Johnson and Wu in Methods 1 Molecolar Biology 248, 1-25 (Lo, ed., Human Press,
Totowa, NI, 2003)). Indeed, naturally occurring camelid antibodies consisting of & heavy
chain only are functional and stabie in the absence of ight chain {see, ¢.g., Hamers-
Casterman ef af. {1993 Nature 363:440-448 (1993) and Sheniff e of (1996) Nature Struct,
Biol. 3, 733-736).

As used herein, the term “tmumune cell” refers w cells that play a role wn the smmune
response. Immoe cells are of hematopoietic origin, and include lymphoevies, such ax 8
cells and T cells; natural killer cells; myeloid cells, such as monocytes, macrophages,
eosinophils, mast cells, hasophils, and granulocytes.

As used beretn, the torm “imamnne checkpeints” means a groap of molecules on the
cell surfyce of CD4+ and CDE+ T cells, These molecules fine-tune sunne responses by
down~modulating or mhibiting an anti-tumor munune response.  Inwnune checkpomt
proteing are well known in the ant and include, without lmitation, CTLA-4, PD-1, VISTA,
B7-H2, B7-H3, PD-L1, B7-H4, B7-Ho, 2B4, ICOS, HVEM, PD-L2, CD160, gpdoB, PIR-
B, KIR family receptors, TIM-L TIMS3, TIM-4, LAGS3, BTLA, SIRPalpha (CD47), CD48,
2B4{CD244), B7.1, B7.2, ILT-2, 1L T4, TIGIT, LAG-3, BTLA, and AZaR (see, for
example, WO 2012/177624). Imnwnotherapeutic agents that can act as inwnone checkpoint
infubitors useful in the metheds of the present ipvention, inchude, bt are not Hmited fo,
blocking antibodies for any one or more innmune checkpoints,

As used herein, the term “nopnune disorder” includes 1mmune diseases, conditions,
and predispositions to, including, but not limited to, Hodghkin ymphoma (including, e g,
lymphocyte~rich classical Hodglan tymphoma, mixed cellularity classical Hodglan
lymphoma, fymphocyte-depleted classical Hodglan tymphoma, nodular sclerosis classical
Hodgkin Iymphoma, anaplastic large cell lymphoma, or MLL pre B-cell ALL), cancer,
chronue inflammatory discase and disorders Qnchading, e.g., Crohn's disease, mBlammatory
bowel disease, reactive arthntis, and Lyme disease), insulin-dependent diabetes, organ
spectfic antonumunity (including, e g, multiple sclerosis, Hashimoto's thyroiditis,
autoimmone uveitis, and Grave's discase), contact dermatitis, psoriasis, graft rejection, graft
versus host disease, sarcoidosis, atopic condittons (inchuding, e.g., asthma and allergy

including, but not hinuted to, allergic rhinitis and gastromtestinal allergies such as food
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allergies), cosimophihia, conjunctivits, glomerular nephritis, systemic fupus ervthematosas,
scleroderma, certain pathogen sasceptibilities such as helpunthic {inchuding, e g,
leishimaniasis} and cortain virgl mfections {ncluding, e HIV and bacterial infections
such as tuberculosis and leprowatous leprosy).

5 As used herein, the ferm “mnwme response” inchides T cell mediated andfor B cel
mediated immune responses,  Exemplary immane responses inclade T cell responses, e.g.,
cytokine production, and cellular cytotoxicity. In addition, the term immune response
includes momune responses that are mdirectly effected by T cell activation, e g, antibody
production (monoval responses) and activation of cytoking responsive cells, eg.,

16 macrophages.

The term “mmmunizing” refers (0 generaliDg an ENILNC rsponse 10 an antigen in a
subject. This can be accomplished, for example, by administering a primary dose of an
mnammogen to a subject, followed afier a suatable peciod of tisw by one or more subscgacnt

administrations of the mmunogen, $o as to generate i the subject an imnwme response

L

aganst the immunogen. A suitable period of ome between admimistrations of the
innmanogen can readily be determined by one skilled in the art, and is usually on the order
of several weeks to months,
As used heremn, the term “inhibit” or “neutralize” includes the decrease, Hmitation,
or blockage, of, for example a particular action, function, or interaction. For example, a
Ay Gall-mediated infection or disease i3 “inhubited” if at least one symptom of the disease,
such as mumue function, is modulated in a desivable manner. As used heretn, a Gall-
mediated infection or discase is also “intubited” i recutrence of a discase synptonm is
reduced, slowed, delayed, or prevented. For example, a Gall-medated activity can be
decreased by 5%, 10%, 15%, 200, 2%, 30%, 35%, 40%, 45%, 50%, 33%, 6%, 63%,
25 ?Ut}"b, T84 ‘., 805 iy 2\]3(1"6, 32{5’3, }HL‘,“ 4% Wy “;5{33 869 g 7% Wy 8 \{33 H”qu 0% Wy 919 o, ‘.}30,“
3%, Y49, 93%, 967, 97%, 98%, 99%, 99.1%%, 99.2%, 99 3%, 9945, 99 5%, 99.6%,
99 7%, 99.8%, 99.9% or more. The term “promote,” in some enthodiments, can be used in
the cxact opposite manner as “mbabit”
As used herein, the term “interaction”, when referning o an nderaction between two
3 molecules, refers to the physical contact (.., binding) of the molecales with one another.
Generally, such an interaction results in an activity {which prodaces a biological effect) of
one of both of sald mwlecules. The activity may be a direet activity of one ot both of the

molecules, {e.g, signal wansdaction). Alternatively, one or both molecules in the
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mteraction may be prevented from binding their hgand, and thas be held mactive with
respect o hgand binding activity (e g, binding its higand and triggering or inhibiting an
mmmene response}. To inhibit such an miteraction results in the disroption of the activity of
one or more molecules invohved in the mieraction. To enhance such an mteraction is to
5 prolong or increase the ikelthood of sard physical contact, and prolong or increase the
tikelibond of said activity.
As used herein, the term an “isolated antibody™ 15 mtended to refer to an anttbody
which is substantially free of other antibodics having different antigenic specificinies (e.g.,
an isolated antibody that specifically binds to human Gall and is substantially frec of
10 anobodics that do not bind to Gall), Anisolated antibody that specifically binds to an
epitope of human Gall may, however, havve cross~reactivity to other Gall proteins,
respectively, from different spectes. However, in some embodiments, the antibody
maintaing higher affinity and sclectivity for hwman Gall, o addition, an isolated antibody

is typically substantially free of other cellular material and/or chemicals. Inone

L

embodiment of the present invention, a combination of “isolated”™ monoclonal antibodies
having different specificities to human Gall are combined n a well-defined composition.
As used herein, an “isolated protein” refers to a protem that is substantiafly free of
other proteins, collular material, separation mednim, and culiare medium when isolated
from cells or produced by recombinant DNA techniques, or chemical precursors or other
A chenucals when chenucally synthesized. An “isolated” or “parified™ protein or biologically
active portion thereot is substantially frec of cellular material or other contauninating
proteing from the cefl or tssue source from winch the antibody, polvpeptide, peptide or
fusion protein is dertved, or substantially free from chemical precursors or other chenneals
when chemically syathesized. The langeage “sebstantially free of celiular material”™
25 includes preparations of a target polypeptide {e.g., impnmoglobulin} or fragment thereof, in
which the protein 15 separated from cethiar components of the cells from which it is
isolated or recombinantly produced. In one embodiment, the langoage “sabstantially free
of celllar material” includes preparations of targel protein or fragmend thereof] having less
than about 30% (by dry weight) of non-target protein {also reforred to herein as a
3 “contanunating protem” ), more preferably less than about 20% of non~target protein, still
more preferably less than about 10% of non-target protein, and most preferably less than
about 3% non-target protemn, When antibody, polypeptide, peptide or fusion protein or

tragment thereof, e.g., a biologically active fragment thereof, is recombmantly produced, it
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15 also preferably substantially free of cultwre medium, /e, culture median represents less
than about 20%, more preferably fess than about 10%, and most preferably less than about
5% of the volume of the protein preparation.
As used herein, the term “isotype” refers to the antibody class {e.g, 1eM or IgG1)
5 dhat is encoded by heavy chain constant region genes.

As used herein, the term “Kyp™ is intended fo vefer to the dissooation equalibrivun
constant of a particular antibody-antigen interaction. The binding affinuy of antibodies of
the disclosed wvention may be measured or determined by standard antibody-antigen
assays, for example, competitive assays, saburation assays, or standard immunocassays such

10 as ELISA or RIAL
As used herein, a “kit” is any manufactwre (e.g a package or container) comprising
at least one reagent, e.g. a probe, for specifically detecting or modalating the expression of
a marker of the present mvention., The kit may be promoted, distetbuted, or sold as a unit

for performing the methods of the present invention.

L

The terms “label” or “labeled” refer to incorporation or attachment, optionadly
covalently or non-covalently, of a detectable marker info a molecule, such as 2 polypeptide.
Various methods of labeling polypeptides are known in the art and can be used. Examples
of labels for polypeptides include, but are not limited 1o, the folowing: radinisotopes,
fluorescent labels, heavy atoms, enzymatic labels or reporter genes, chemihaninescent
A groups, biotinyl groups, predetermined polypeptide epitopes recognized by a secondary
reporier {eg., loucine zipper pawr seguences, binding sites for secondary antibodies, meial
binding domains, epitope tags). Examples and use of such labels are described in more
detail below. In some embodiments, fabels are attached by spacer arms of various lengths
to reduce potential steric hindrance,

25 As used herein, the ferm “ronocional antibody™, refers to an antibody which
displays a single binding specificity and affinity for a particular epitope. Accordingly, the
term “human monoclonal antibody™ refers to an antibody which displavs a single binding
spectficity and which has variable and constant regions dertved from human germline or
non-germline mununoglobulin sequences. nvone embodiment, lunman monocional

W anthodies are produced by a hvbridoma which mehudes a B cell obtained from a transgenie

non-heman animal, e, a transgonic mouse, having a genome comprising a human heavy

chain transgene aid 3 Hght cham transgene fused to an mwnorialized cctl
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The term “not substantially altered,” “not substantially modulated,” and the like,
wirdess otherwise defined, refers fo a nunimal deviation of a measured atiribute in
comparison 1o a reference control. The deviation can be measwred according {0 quantitative
or qualitative means. In one embodiment, the attribute’s alteration is less than 30%,, 29%,
8%, 27%, 26%%, 25%, 24%,, 23%, 2%, 1%, 20%, 199, 18%, 17%, 16%%, 15%, 10%, 9%,

8%, T, 6%, 3%, 4%, 2%, 1% or less different relative tor the control {e.g., inter-residue

differences, angles-of-approach, affimity for antibody bindmg, erc. ).

A “post-transplantation lymphoproliferative disorder”™, “PTLD", anddor “viral~
associated PTLDT sach rofers to a disorder fn which lymphocytes, which are white blood
cells produced in the fymphatic tissue (e.g., tymph nodes, spleen, andfor thymus), are over-
produced or act abnormally and are caused by or correlated with a virus, Lymphoid cells
mchsde thymas derived ymphoeytes (T cells); bone marrow-dentved lvnphooytes (B cells),
andd natural killer {INK cells), for example. Lymphocytes progress through a namber of
different stages, incldimg proliferation, activation, and maturation, and lymphona or
aberrant proliferation can develop at cach stage. Disorders may be malignant neoplasms
{and may be classified as aggressive or indodent, or as low, intermediate or high-grade),
nclading those associated with IFN- gamma., or the disorders may involve non-malignant
aberrant expansion of bymphoid cells. LPDs inchude any monoclonal or polycional LPD
that is not resolving without treatment andfor that mvolves excessive celfular prohiferaton,
such as an expanding, monoclonal, polyclonal or ohigoclonal, vmphoid neoplasm. Celhdar
proliferation may be more rapid than normal and may continue after the stirodi that
mitlated the new growth cease. A neoplasnt will show partial or complete fack of structural
orvganization and functional coordination with the normal tissue, and may form a distinct
mass of tissue that may be either beotgn (henten tumor) or malignant {cancer).

Such virab-associated PTLD may be caused by or associated with, e.g., Epstein-Bamr
virus (EBV), & horpes vivus, HHV-8, evtomegalovirus, C-type retrovirus, human T-
lymphotropic vivus type 1 {C-type retrovirus), andéor human immmenedeficiency vivus (HIV,
HIV-1, HIV-2}, HIV- and/or AlDS-assocated cancers include HIV-gssociated LPDs, such
as Karpost sarcoma, non-Hodgkin's lvmphoma, central nervous system (ONS)Y lvmphoma,
adult T-cell leukemiadymphoma (HTLV-1+), and AllS-assoctated lympboma. Inwnune
deficicacy such as in AIDS pationts, organ transplant recipients, and gonctic inynung
disorders may allow latent EBV to reactivate, causing proliferation of abnormal

tvphocytes and the potential o develop an EBV-associated LPD, for example. Methods
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to detect the presence of virus or viral infection i an aberrant cell, such as a cell involved
i a PTLD, are known in the art. Viral mucleic acids or polypeptides may be detected ina
cell, tissue, or organism such as an aberrant cell, for example. Also, methaods fo detect
tramunge response specific for @ virus are known, A delayed type-hypersensitivity (DTH)
5§ assay, such as a trany vive DTH agsay may be wsed to detect regulatory T ecells, for
example, B such an assay, buman or oiber maromalian peripheral blood monomwlear cells
{PBMC)Y may be mixed with g carrier control with and without viral gatigen, for example,
and imjected into a heterologous naive recipient, such as the pinnac or footpad of naive
mice. I the donor of the PBMC had previously been sensitized to the challenge antigen,
16 DTH-like swelling responses gre observed,
As used herein, the term “modulate”™ includes up-regulation and down-regulation,
e.g., enhancing or inlubiting a response.
The “normal™ level of expression of a marker 1s the level of expression of the

marker m cells of g subject, e, a huran patient, not afflicted with a viral-associated
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refers to an expression level in a fest sample that is greater than the standard error of the
assay emploved to assess expression, and s preforably at least twice, and more preferably
three, four, five or ten times the expression level of the marker i a control sample {e.g.,
sample from a healthy subjects not having the marker associated discase) and preferably,
A dhe average expression level of the marker in several conwrol samples. A “significantly
lower level of expression”™ of a marker refers to an expression lovel in a tost sauple that s
at least twice, and more preferably three, four, five or ten times fower than the expression
level of the warker in a control sample (g, sample from a healthy sabject not having the
marker associated discase) and preferably, the average expression fevel of the marker m
35 several control sanmples.

As used herein, the term “nucleic acid molecnte™ is Intended to inchede DNA
moleceles and RNA molecules. A nucleic acid molecule may be single~stranded or double-
stranded, bat preferably ts double-stranded DNA. As used herein, the torm “isolated
nucleic acid molecule™ in reforence to mucleic acids encoding antibedics or antibody

Wb portions {e.o, Vi Vi, CDR3} that bind to Gall, is mtended to sefer to a nucleic acid
molecide in which the aucleotide sequences eacoding the antibody or antibody portion are

free of other rucicotide sequences encoding antibodies or antibody portions that bingd
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antigens other than Gall, which other sequences may naturally flank the naclere acid in
human genomic DNAL

A nacleie acid s “operably linked™ when it s placed into a fanctional relationship
with another nucleic acid sequence. For instance, a promoter or enhancer 18 operably linked
to 4 coding sequence i it affects the wanscription of the sequence. With respect to
ganscripiion regulatory sequences, operably inked means that the DNA sequences being
linked are contiguous and, where necessary fo join two protein coding regions, contiguous
and in reading frame. For switch sequences, operably linked indicates that the sequences
are capable of effecting switeh recombination.

An “over-expression” or “sigmificantly higher level of expresston™ of a marker
refers to an expression level in a test sample that 1s greater than the standard error of the
assay employed to assess expression, and is preferably at least twice, and more preferably
L2, 03, L, LS 1e, L7 L8 19, 2.0,21, 22,23, 24,2526, 2.7, 2.8 2.9, 3,335,445,
S,85,6, 65 7 75 8. 85,9 058 10,105, 11,12, 13, 14, 15, 16,17, 18, 19, 20 noes or
more lugher than the expression activity or level of the marker m a control sample (e.g.,
sample from a healthy subject not having the marker associated discase) and preferably, the
average expression level of the marker In soveral controf samples. A “significantly lower
level of expression”™ of a marker refers fo an expression level i a test sample that is at least
twice, and more preferably 1.2, 1.3, 14, 1.5, 1.6, L7, L8 19,20, 2.1, 2.2, 2.3, 2.4, 2.5,

26,2728 2.9, 3,35 4 45 5 55,665 7,75 8. 559,95, 10 105, 11,12, 13, 14,

13,16, 17, 18, 19, 20 tuncs or nunre fower than the capression level of the marker in a
control sample (e g, sample from a healthy subject not having the marker associated
discase) and preferably, the average expression level of the marker in several control
samples,

The terms “polypeptide fragment”™ or “fragment”, when used in reference to a
reference polypeptide, refers to a polypeptide in which anuno acid residues are deleted as
compared to the reference polvpeptide Haelf, but where the remaming amino acid sequence
iy usually identicatl to the corresponduny positions in the reference polypeptide, Such
deletrons may ocouwr af the amino-ternunus, interaalty, or at the carboxy-terminus of the
reference polvpeptide, or alternatively both, Fragments typically are at least 8, 6, 8 or 10
anino acids fong, af least 14 amino acids long, at least 20, 30, 40 or 30 amine acids long, at
icast 75 smino acids long, or at feast 100, 130, 200, 300, 300 or more amino acuds long.

They can be, for example, at least andior including 16, 11, 1213, 14, 15, 16, 17, 18, 19 24,
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21,22, 23,24, 25,26, 27 28,29, 34 31,32 33, 34, 35,36, 37, 38, 39 40, 45, S, 55, 56,
57, 58, 59, 60, 65, 70, 75, B0, 83, 94, 95, 104, 120, 140, 160, 180, 200, 220, 240, 260, 284,
366, 320, 340, 361, 380, 400, 420, 440, 460, 480, 500, 520, 344, 560, SR, 600, 620, 640,
660, 6RO, 700, 720, 740, 760, 780, K00, K20, 840, 860, K80, 900, 920, 940, 960, 980, 1000,
1020, 1040, 1060, 1080, 1100, 1120, 1140, 1160, 11RO, 1200, 1220, 1240, 1260, 1280,
1300, 1320, 1344 or more long, or kess than such anuno acids 1o length, or any range o
between, melusive, so long as they are less than the length of the full-length polypeptide.
Alternatively, they can be no longer than andfor excluding such a range so long as they are
less than the length of the Rudl-length polvpeptide. The range can also melude a polvpeptide
domain of mierest, such as the FS beta strand domain of Gall, which is well known in the
art and 1s between 535 and 3% anuno acids i length.

As used herein, the ferm “rearranged” refers to a configaration of a heavy chain or
light chatn immunoglobulin locus wherem a Vo segment 15 positioned inunediately adjacent
to a D-J or J segment n a conformation encoding essentially a complete Vg and Vi domain,
respectively. A rearanged smmunoglobuhin gene focus can be wdenttfied by comparison to
goermime DNAC a rearranged focus will have at least one recombimed heptamer/nonamer
homology element.

As used herein, the term “recombinant” refers to biological material, such asa
nucleic acid, protein, antibody, cell, and the ke, that is manipulated or engineered by the
hand of man in order fo be made in a now-naturally occurring state. For example, a
“recombinant host oell™ (or simply “host cell™), is intended to refer to a eell into which a
recombinant expression vector has been introduced. It should be understood that such
terms are intended to refer not only to the parteniar subject coll but to the progeny of such a
cell, Beeause certain modifications may ocowr in succeeding gencrations due o cither
mutation or environmental influences, such progeny may not, in fact, be identical fo the
parent celf, but are still inchuded within the scope of the term “host cell” as used herein,

As used herein, the term “recombinant hnonan atibody”™ inchudes all human
antibodies that are prepared, expressed, created or isolated by recombinant means, such as
{a) andibodics isolated fron an animal (e.g., a mouse) that is transgemic or
transchromosomal for human immwnoglobulin genes or a hybridoma prepared therefrom
{described further below), (b) antibodies isolated from a host cell transformed to express the
anitbody, e.g., from a ansfectoma, (o) antibodics isolated from a recombinant,

combinatorial human antibody library, and (d) antibodies prepared, expressed, created or
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isolated by any other means that involve splicing of human imnumoglobulin gene
sequences to other DNA sequences. Such recombinant human antibodies have variable and
consiant regions derived from human germiine andfor nog-germiine immuanoglobudin
sequences. In certain embodiments, however, such recombinant human antibodies can be

5 subjected to i vitro mutagenesis (or, when an animal transgenic for human Ig sequences is
ased, i vive somatic mutagenests) and thus the aming acid sequences of the Vi and Vy,
regions of the recombinant antibodics are sequences that, while dertved from gnd related to
human germbine Vi and V. sequences. may not naturally exist within the haiman antibody
germiline reperiowe i vivo,

io The preseat invention “response” i1s generally related to for example, deternining

the effects on progression, efficacy, or outcome of a clinical mtervention. In some

embodiments, responses relate direetly to a change in tumor mass and/or volane after

uutiation of chinical wfervention {e.g., adnupistration of an anti-Gall moneclonal antibody).

For example, hvperproliferative disorder responses may be assessed accordmg to the stze of

L

a tumor after systemic mtervention compared to the mitial size and dimensions as measurad
by CT, PET, mammogram, ultrasoand or palpation. Response may also be assessed by
caliper measwrement or pathological examination of the tumor afier biopsy or swrgical
resection. Response may be recorded in a quantitative fashion lke percentage change in
wmor volume or in a qualitative fashion like “pathological complete response™ {(pCRY,
2 “clinical complete remission” (cCR), “clinical partial remission”™ (ePR), “climcal stable
discase”™ (8D}, “clinical progressive disease™ {cPDY or other quabiative criteria.
Assessment may be done early after the onset of the climical Intervention, e.g., after a few
hours, dayvs, weeks or preferably afier a fow months. A tvpical endpoint for response
assessment 18 upon termination of the cliucal mtervention or ypon surgical removal of
25 residual tumor cells andfor the tamor bed.

As vsed herein, the term “specific binding” refers 1o anttbody binding to a
predetermined antigen. Typically, the antibody binds with an affinity (Kp) of approximately
less than 107 M. such as approximately less than 107 M, 107 M or 107° M or even lower
when determined by surface plasmon resonance {SPR) technology in a BIACORER: assay

W instrument wsang homan Gall as the analvie and the anttbody as the Hygand, and hinds to the
prodetermined antigen with an affinity that s at Jeast 1.1-, 1.2~ 13-, 14+, 1.5, 1.6+ 1.7,
1.8~ 1.9, 2.0~ 2.5- 3.0-, 3.5 4.0-,4.5- 50-,60- 70-, 80~, 9.0~, or 10.0-fold or greater

than is affinity for binding to a non-specific antigen (e.g., BSA, casein) other than the
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predetermined antigen or a closely-related antigen. The phlyases “an antihody recognizing
an antigen” and “an antibody specific for an antigen” are used mterchangeably herein with
the torm “an antibody which binds specifically to an antigen.”
As used herein, “subject” refers to any healthy animal, mavmal or human, or any
5 ammal, mamnal or homan afflicted with a Gall-mediated disorder. The term “subject” 18
sterchangeable with “patient”. The term “son-human antoal™ includes all vericbrates,
e.g., mmnmals and non-mammals, such as non~-human primates, sheep, dog. cow, chickens,
amphibians, reptiles, ete.
The language “substantially free of chemical precursors or other chonucals™
10 nclades preparations of antibody, polypeptide, peptide or fusion protem 1 which the
protein 1s separated from chemical precursors or other chemicals which are involved in the
synthesis of the protein. In one embodiment, the langoage “sebstantially free of chemical
precursors of other chomicals™ inclades preparations of antibody, polypeptide, peptide or

fusion protein having less than about 30% {hy dry weight) of chenucal precursors or non-

L

antibody, polypeptide, peptide or fusion protein chemicals, more preferably less than about
20% chemieal procursors or non-antibody, polypeptide, peptide or fusion protein chonicals,
stil more preferably less than abowt 10% chemical precuarsors or non-anttbody, pelypeptide,
peptide or fasion protein chemicals, and most preferably less than about 3% chenucal
precursors of non- antibody, polypeptide, peptide or fusion protein chemicals,

24 As used herein, the term “sarvival” includes all of the following: survival until
mrtality, also known as overall survival (wheretn saxd mortality may be cither irrespective

of cause or twmor related ) “recurrence~-free survival” (wherein the ferm recurrence shall

include both localized and distant recurrence}; metastasis free survival; disease free sarvival

{wherein the torm disease shall include cancer and discases assoiated therewithy, The

25 length of said swrvival may be caleulated by reference to a defined start powst (e.g. time of
diagnosts or start of treatment) and end point {e.g. death, recarrence or metastagis). In
addition, criteria for efficacy of treatment can be expanded to include response o
chemaotherapy, probability of survival, probability of metastasis within a given time period,
ard probability of tumor recurrence.

Y A "tanscribed polynucleotide™ or “nucleotide transcript™ is a polynucleotide (e g
an mRNA, luRNA, 3 ¢cDNA, or an analog of such RNA or ¢DNA) which is complementary

to or homologous with all or a portion of a mature mRNA made by transcription of a

fed
by
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marker of the present invention and normal post-transeriptional processing {2 g, splicing), if
any, of the RNA transcript, and reverse transcription of the RNA transeript.
As used hevein, the term T cell” includes D4+ T colls and CD8+ T eells, The
term T cell also includes both T helper 1 type T cells and T helper 2 type T cells. The term
5 Vantigen presenting cell” includes professional antigen presenting cells {eg, B
ymphocyies, monocytes, dendritic cells, Langerhans cells) as well as other antigen
preseating cells {e.g., keratinocyies, endothelial cells, astrocvies, fibroblasts
oligodendrocytes).
As wsed herein, the term “unrearranged” or “germbine configuation” 1 reference to
10 3V segment refers (o the configuration wherein the Vosegment s not recombined so gs o
be smmedsately adjacent to a D or I segment.
As used herein, the ferm “vector™ refers fo a nucleie acid capable of transporting
another mueleie acid to which i has been linked. One type of vector is a “plasmid”, wiich

refers to a circular double stranded DNA lnop into which additional DNA scgments may be

L

ligated. Another type of vector 1s a viral veator, wherein additional DNA segments may be
ligated into the viral genome. Cortain veetors are capable of autonomoeus replication in a
host cell into which they are introduced (e, bacterial vectors having a bacterial origin of
replication and episomal mammalian vectors), Other vectors {2.g.. non-episomal
mammalian vectors) are integrated into the genome of a host cell upon introduction into the
A host cell, and thereby are rephicated along with the host genome. Moreover, certain vectors
are capable of dirccting the expressiom of gones to which they are oporatively Haked., Such
veetors are referred to herein as “recombinant expression vectors” or simply “expression
vectors™. In general, expression vectors of utility in recombinant DNA techniques are often
i the form of plasomids, o the present speetfication, “plasmid” and “vector”™ may be ased
25 inferchangeably as the plasmid is the most commonly used form of vector. However, the

mvention is intended to include such other forms of expression vectors, such as viral

vectors {e.g., replication defective retrovivuses, adenovirases and adeno-associated virases),

which serve equivalent functions.

For nucleic acids, the term “substantial homology™ indicates that two nucloie acids,

30 or designated sequences thereof, when optimally ahigned and compared, are wWentical, with
appropriate nucleotide insertions or deletions, in af least abowt 0% of the mucleotides,
usually at least about 8 1%, 82%, 83%%, B4%, R3%, 86U, B7%, REY, 89%, 90%, 91%, 92%,

“{)

93%%, Da%%, 958%, 6%, or more of the nucleotides, and more preferably at least abowt 979,

~ 3% -
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YR%, 99% or more of the nucleotides. Alternatively, substantial homology exists when the
segments will hvbridize wnder selective hybridization conditons, to the complement of the
strand.

The percent identity between two sequences Is a function of the musber of identical
positions shared by the sequences (e, % wdentity= & of identical positions/total # of
positions x 100), taking nio account the number of gaps, and the length of ecach gap, which
aced to be introduced for optimal alignment of the two sequences. The comparison of
sequences and deternnnation of percent dentity between two sequences can be
accomplished using 2 mathematical algorithm, as desenbed i the non-hmitting examples
below.

The percent identity between two nucleotide sequences can be determined using the
GAP program in the GOG software package {(available on the world wide web at the GCG
company website}, using a NWSgapdna UMP matrix and 3 gap weight of 44, 36, 64, 70, or
%0 and a length weight of 12, 3,4, 5, or 6. The percent sdentity between two nucleotide or
amine acid seguences can also be determined using the algorithm of E. Meyers and W,
Miller {CABIOS, 4:11 17 (1989)) which has been incorporated inte the ALIGN program
{version 2.0}, using 8 PAMIZ20 weight restdue table, a gap length penalty of 12 and a gap
penaity of 4. In addition, the percent identity between two aming ackd sequences can be
determined using the Needlernan and Wansch (J. Mol Biol. (48):444 453 (1970)) algorithm

which has been neorporated into the GAP program m the GCG software package
{availablc on the world wide web at the GO company websife), using cither a Bloswen 62
matrix ov o PAM250 matrix, and a gap weight of 16, 14, 12, 10, 8, 6, or 4 and a length
weightof 1, 2,3, 4, 5, or 6.

The nucleic acid and protein sequences of the present mvention can further be used
as 2 “query sequence’” to perform a search against public databases o, for example, idennfy
refated sequences. Such searches can be performed using the NBLAST and XBLAST
programs {version 2.0) of Altschul, ef ol {19903 ], Mol Biol. 215403 10. BLAST
nucleotide scarches can be performed with the NBLAST program, score= 184,
wordlength=12 to obtain nuclentide sequences honmologous to the nucleic acid molecules of
the present mvention. BLAST protein searches can be performed with the XBLAST
program, score=30, wordlength=3 o obtain amine acid sequences homologous to the
profein molecules of the present invention. To obtain gapped alignments for conparison

purposes, Gapped BLAST can be vulized as described in Altschul er o, (1997) Nuoclew

- 29
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Acids Res, 25(173:3389 3402, When wolizing BLAST and Gapped BLAST programs, the
defaudt parameters of the respective programs {e.g., XBLAST and NBLASTY) can be used
{available on the world wide web at the NCBI website),

The nucleie acids may be present in whole cells, i a cell ysate, or in a partially
puorified or substanpally pore form. A nacleic acid is “isolated” or “rendered sobstantially
pure” when purified away from other cellular components or other confanunants, e.g., other
cellular nucleic acids or proteins, by standard techniques, including alkaline/SDS treatment,
CsCl banding, columm chromatography, agarose gel electrophoresis and others well known
i the art {see, F. Ausubeld, e ol ed. Current Protocols i Molecular Biology, Greene
Publishing and Wiley Interscience, Now York (19873,

Before the present mvention s firther described, 1t will be appreciated that specific
sequence identifiers (SEQ 1D NQOs) have been referenced throughost the specification for
purposes of Hlustration and should therefore not be construed to be Himiting, Any marker of
the present myvention, mchiding, but not limited 1o, the markers deseribed m the
specification and markers deseribed hevein are well known m the art and can be used m the
embodiments of the present invention,

It is farther to be wnderstood that this invention is not himited to particudar
cmbodiments described, as such can, of cowrse, vary. Itis also to be understood that the
terminology used herein is for the purpose of desenbing particular embodiments only, and
is not intended two be hinuting.

Whete a range of values is provided, i is widerstood that each intervening valuee, to
the tenth of the unit of the fower hinut anless the context clearly dictates otherwise, between
the upper and lower limit of that range and any other stated or intervening value in that
stated range, is encompassed within the invention. The upper and lower limits of these
sotalier ranges can independently be included in the smaller ranges, and are also
encompassed within the vention, subject to any specifically excluded homt in the stated
riange. Where the stated range includes one or both of the tumits, ranges excluding either or
both of those included himuts are also inchuded m the invention.

Unless defined otherwise, all technical and sciomtific terms used herein have the
same meaaing as conmonly understood by one of ordmary skall in the art to which this
wvention belongs, Although any methods and materials stntlar or cguivalent to those
deseribed herein can also be used in the practice or testing of the present invention, the

preferred methods and materials are now described. AH publications mentioned herein are
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mcorporated herein by reference to disclose and deseribe the methods andfor materials in
connection with which the publications are cited.

it must be noted that as used herein and in the appended clabms, the singalar forms
“a," “and,” and “the” mclude phural referents unless the context clearly dictates otherwise.
Thus, for example, reference o “a polypeptide” includes a phurahity of polvpeptides and
reference to “the active agent’™ iludes reference to one or more active agents and
equivalents thereof known to those skilled in the art, and so forth, 1t s further noted that
the clmims can be drafted to exclude any optional clerment. As such, this statermment i1s
witended to serve as antecedent basis for use of such exclusive erminology as “solely,”
“only” and the like m connection with the recitation of claim clements, or use of a
“npegative” hnutation.

The publications discassed hevein ave provided solely for their disclosare prior to
the filing date of the present application. Nothing herein s to be construed as an admission
that the present imvention 1s not entitled to antedate such publication by virtue of prior
nvention. Further, the dates of publication provided can be different from the actual

publication dates which can need 0 be indepondently confizmed.

11 Polypeptides, Antibodies, and Inmunosenic Conmostions

The present mvention relates, n part, to Gall epitopes useful as targets for
neutralizing Gall activity. Suoch epitopes can be used o isolated agents, sach as antthodies
or fragmenis thereof, that are directed against Gall and ncotrabize Gall activity, Such
molecules are chavacterized in that they exhibit an unexpected ability to neutralize Gall
protein fanction based on stractare-fanction relationships described further in the Examples
below.

Sequences. struchwes, domains, biophysical characteristies, and functions of Gall
gene and gene products have been deseribed inthe ant. See, for example, Rabinovich er ol
{2002} Trends fmpuenod 23:313-320; Liv and Rabinovich (2003 Nar. Rev. Cancer 3:29-41;
Rubinstein ef af. (2004) Caneer Cell 3:241-2531; Lo et af. (2002 J. Clin. Oneol. 23:8932-
¥941; Vasta of al. (2004 Curr Opin Siruct Biol 14:617-630; Toscanc ef af. (2007 Cyr.
Growth Faet. Rev, 18:57-71; Camby e al. (2006} Glveobiol, 1 137R-157R; US. Pat.
Publs, 2003-0004 132, 2003-0109464, 2006-0189514, 2009-0176223, 2009-0191182, 2012-
QU2RE23, and 2013-001 1409, each of which is meorporated herein, by reference, in s

entivety. The nucleic acid and anuno acid sequences of a representative human Gall
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bromarker s avalable to the public at the GenBank database under NM_002305.3 and
NP_002296.1. Nucleic acid and polypeptide sequences of Gall orthologs in organismsg
other than hemans are well known and include, for example, monkey Galt
(NHM_D01168627 1 and NP_001162098.1), chumpanzee Gall (XM_003953882.1 and
XP_ 003953931 1, XM _O03053883.1 and XP_003933932.1; XM_01162104.3 and

NP O01162104.1), mouse Gall (NM_00R495.1 and NP_032521.1), rat Gall
{(NM_019904.1 and NP_063969.1), dog Gall (NM_OG1201488.1 and NP_Q01188417 1),
chicken Gall (NM_206905 1 and NP_996788. 1), and cow Gall (NM_1753782 1 and

NP TEOUT6. 1) For example, relevant Gall sequences usefd for detection include those

listed below in Table 3:

Table 3

SEQIDNG. 1: Human Gall cDNA Seguence

S S B LT SR,
RS E5 TR MRS SR S f= R Rt fu e Lo Lo A
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However, the Gall epttopes associated with ncutralization of Gall epitopes have not
been heretofore disclosed. Thus, the present mvention provides recombinant andfor
wsolated Gall peptides, or fragments thereof, encompassing Gall epiopes agamst which
anti-Uall agents can bind and newtralize Gall activity, In one aspect, such a Gall
polypeptide can comyise, consist essentially of, or consist of, a fragment of full-length
Gall encompassing the entive FS f-sheet sequence or a portion thereof, In another aspect, a
Gall polypepude can comprise, consist essentially of, or consist of, a sequence that is {ess
than or cqual to 100, 93,90, 85, 8O, 75, 70, 635, 611, 39,
48, 47, 46,45, 44,43, 42, 41,40, 39, 38, 37, 36,35, 3

24,23,22,21, 20,19, 18, 17, 16, 15, 14, or any range in between, that conprises residues

w oty P N B

2,031,030, 20 28,27 26,25,

HI2-118 of any one of SEQ ID NOs: 1-16 or an ortholog thereof. In one embodiment of the
Gall polypeptides of the present invention, the polvpeptides can comprise sequences that

arc at least 50, 55, 60, 65,70, 75, 80, 85,90, 1, 92,93, 44 95 96, 97,98, 99, B95 or
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100%, Wdentiead to residues 102-115 of any one of SEQ 1D NOs: 1-16 or an ortholog thereof.
Iy another embodiment of the Gall polypeptides of the present invention, the polypeptides
canhave 1,2, 3,4, 5,6, 7. &6, 10, 11,12, 13, 14, 15,16, 17, 18,19, or 20 or more
conservative amino acid substitutions. In still another embodiment, the present invention
provides a composition conyrising a recombinant polypeptide described heremn and less
than abowut 25%, or alternatively 15%, or alternatively 3%, contmminating biological

macromolecules or polypeptides.

in cortain embodiments, a polvpeptide of the present wvention can further comprise
a heferologous seqaence. For example, fusion proteins are provided containing a domain
which increases polypeptide solubility and bioavailability andfor facilitates its punification,
wdentification, detection, andfor stractaral characterization. In such embodiments, the
hetercdogous portions should not substantially alier the mmunoegenic activity andfor
conformation of the Gall neutralizing epitope.  Exemplary domains, mclude, for example,
ghatathione S-transferase (GST), protein A, protemn G, calmodulin-bindmy peptide,
thioredoxin, maltose binding protemn, HA, mve, poly arginine, poly His, poly His-Asp or
FLAG fusion profeins and tags. Addittonal exemplary donains include domains that alter
protein localization i vive, such as signal pepiides, tvpe T secretion svstom-targeting
peptides, transevtosis domains, nuclear localization signals, ere. In various embodiments, a
polvpeptide of the present invention can comprise one or mose heterologous fusions.
Polypeptides can contain nmultiple copies of the same fusion domain or can contam fusions
to two or more different domains. The fusions can ocear i within the polypeptide as an in-
frane nsertion, at the N-ternnas of the polypeptide, at the C-terminus of the polypepude,
or at both the N- and C-termings of the polypeptide. It is also within the scope of the
invention to include linker sequences between a polypeptide of the invention and the fusion
domain i order o facilitate construction of the fusion protein or to optimize protein
expression or structural constramnts of the fusion protein. In another embodiment, the
polvpeptide can be constructed so as to contain protease cleavage sttes between the fusion
polypeptide and polypeptide of the mvention in order to remove the tag afier protein
expression or thereafter. Examples of suitable endoproteases, inclade, for example, Factor
Xa and TEV proteases.

in some embodunents, polvpeptides of mtorest or fragmonts thereof, are fused to an
antibody fragment {e.¢., Fo polypeptides). Techumigues for prepanng these fusion proteins

are known, and are described, for example, i WO 9931241 and in Cosman etal,, 2001

¥

2

A
¥
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Immunity 14123 1330 Fasion to an Fe polypeptde offers the addironal advantage of
facilitating purification by affinity chromatography over Protem A or Protein G columns.
In stifl another embodimoent, a polypeptide of interest or fragment thereof can be
coupled to a detectable substance. Examples of detectable substances include various
enzymes, prosthetic groups, fluorescent materials, honinescent materials, biohuninescent
maferigls, and radivactive materials. Examples of suitable enzymes include horseradish
peroxidase, alkaline phosphatase, B~paltactosidase, or acetylcholinesterase; examples of
suttable prosthetic group complexes include streptavidindiotin and avidin/biotin; examples
of suttable fuorescent materials include wmbelliferone, fuorescedn, fluorescein
wothiocvaate, thodamne, dichlorotriaminylaming fluorescein, dansvl chlonide or
phycoervibrin; an example of a himinescent material imcludes luminol; examples of
bisluminescent materials include tuoiforase, tueiforin, and acquorin, and oxamples of

1’“““L 131 i, 33 Sor SH.. In vive techniques for

suitable radioactive material inclode
detection of a polypepiide of the present mvention include introducing info a subject a
{abeled antthody directed against the profein. For example, the antibody can he labeled
with a radioactive marker whose presence and focation in a subject can be detected by
standard Imaging techaiques,

in a particular embodiment, a polypeptide of interest or fragment thercof can be

labeled with a floovescent label to faciiitate their detection, purification, or structural
characterization. In an exemplary enthodiment, a polypeptide of nterest or fragment
thereod can be fused fo a heterologous polypeptide sequence which produces a detectable
flugwrescent signal, including, for example, green Hluorescent protein (GFP), enhanced green
fluarescent protein (EGFP), Renlla Reniformis green fluorescent protein, GFPowt2,
GFPavd, enhanced vellow fluorescent profein (EYFP}, enbanced cvan fluorescent protein
{ECFP), enhanced blue fluorescent protein {EBFP), citrine and red fluorescent protein from
discosoma {(dsRED).

Fragmeuts of the Gall neutralizing epitope-containing polypentides desenbed
herein are also provided. For exanple, deletion or replacement of certain sequences (e.g.,
the proteolytic cleavage site, signal sequence, and the like) that do not substantially affect
the immunogenic activity andéor conformation of the Gall newwralizing epitope are
contemplated.

Polvpeptides of interest or fragments thereof described herein can be prodaced by

reconthinant DNA techmigues. For examiple, a nacleic acid molecole encoding the protein
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15 cloned nto an expression vector {as described below), the expression vector 18 introduced
into a host cell (as deseribed below) and the protein is expressed i the host cell. The
protein of interest can then be isolated from the cells by an appropriste purification scheme
using standard protem purification techmiques. Allemative o recombinant expression, a
5 protein of interest or fragment thereof can be synthesized chenucally using standard peptide
svnthesis techaigues, Moteover, native protein can be isolated from cells {e. g, lyaphona
cells), for example, using an antibody {as described below).
in another aspect, polypeptides of the present snvention can be used as immunogens
to generate paudralizing agonts {e.g., antibodies, aptamers, and the bke) that bind a Gall
0 neutralizing epitope, using standard technigues for polyelonal and monocionsl antibody
preparation. The polypeptide or an agent that encodes or produces the polypeptide (2.¢., a
nocleic acid, vector, bost cells, and the hke) can be used to propare antibodies by
mamaizing a suitable subjest, (e.g., hurman, monkey, rabbit, goat, mouse or other manumal)

with the munogen as further deserthed herein, An appropriate tmnunogenie preparation

L

can contain, for exmmple, recombinantly expressed protein or a chenucally synthesized
protein. The preparation can further include an adjuvant, such as Freund's complete o
meomplete adiuvant, or similar immunostimulatory agont.

Inmmmization of g subject with an immunogenic agent described herein induces a
polyelonal ant-Gall neatralizng antibody response. The polyelonal antibody tter in the
A bnmwnized subject can be monitored over time by standard techmigues, such as with an
crizyine Hinked tmonumosorbent assay {ELISA)Y using imobilized target protetn, 1 desired,
the antibody molecules divected apaimst 8 Gall neutralizing epitope can be isolated from the
mamnal {e.g., from the blood) and farther punified by well-known techniques, such as
protemn A chromatography to obtan the IgG fraction, At an appropriate time after
3% pomunization, £, when the antibody titers of interest are highest, antibody-producing cells

can be obtained from the subject and wsed to prepare monoctonal antibodies.

The term “monoctonal anttbody™ or “monoctonal antibody composition™, as used
hergin, refers to a population of satibody molecules that contam only one species of an
antigen inding sifte capable of imnwnoreacting with a particular neutralizing epitope of

W Gall. A monsclonal antibody composition thus typically displavs a single binding affinity
for a particular protein with which # immnmorcacts. These can be made using standard
techuiques, such as the hybridoms techuique originally described by Kohler and Milstein

{1978 Nomre 256:495-497) (see also, Brows ¢f ol (1981 .2 ool 127:535.46; Brown

v
‘2
~d
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ef e (1980Y.L Bind Chem. 255:4980-83; Yeh e af. (1976} Proo. Natl, doad. Sci. 1784
TO2927-31: and Yeh ¢ af (1982 Ing. J. Camcer 29.269-75), the wore recent human B cell
hvbridoma technique (Kozbor ef af. (1983) Immunol. Today 4:72), the EBV-hybridonm
techmique {Cole er af. (1983}, Monoclonad dmihodies and Cancer Therapy, Alan R, Liss,
Inc., pp. 77-96) or trioma techniques. The technology for producing monoclonal antibody
hybridomas is well known {(see generally R H. Keaneth, in Monoclonal dmtibodies: 4 New
Dimension In Biolagical Analyres, Plenum Publishing Corp., New York, New York (1980),
E. A, Lomer (1981} Yole 2 Biol Med., 34387402 M. L. Gefter er of. (1977) Somatic Celf
Geper, 3:231-36). Briefly, an immontal cell Bne (vpically a mycloma) 1s fused o
fvmphocytes (typically splenooytes) from a mammal inynuenized with an impumogenic
agent as described above, and the culture supermatants of the resudting hybridoma cells are
sereened to identify a hybridoma producing 8 monoclonal antthody that binds a neutralizing
cpitope of Gall.

Any of the many well-known protecols used for fusing hymphocvies and
inumoertalized cell lines can be applied for the purpose of gonerating an anti-Gadl
neatralizing monoclonal antibody {see, fe, G, Galfre e al, (1977) Natwre 266:550-532;
Gefter ef al. Somatic Cell Genet., cited supra; Lorner, Yale J Biol. Med., cited supra;
Kenncth, Monoclonal Antibodies, cited supra). Moreover, the ordinartly skilled artisan will
appreciate that there are many vanations of such methods which also would be useful.
Typically, the immortal cell Hne (e.g., a myeloma cell ling) 15 derived from the same
mammalian speeies as the lvephoovics, For example, muwiac hybridomas can be roade by
fusing Iymophocytes from a mouse intmuenized with an ininunogemic preparation of the
present mvention with an immortatized moase cell hne. Preferved inwnortal cell ines are
mouse pryeloma cell lines that are sensitive to cultwre mediem contaiiing hypoxanthune,
aminopterin and thypudine ("HAT mediunt™}. Any of a munber of myeloma cell lines ean
be used as a fusion partaer according to standard wchuiques, e, the PI-NSH-Agd-1, P3-
x63-Ag8.653 or Sp2i0-Agld myeloma Hines. These myeloma lines are avaitable from
ATCC, Typieally, HAT-sensttive mouse myvelomng cells are fused to mouse splenocyies
using polyethylene glyeol ("PEG™). Hybridoma cells resulting from the fusion are then
sclected nsing HAT moedium, which kills unfused and unproductively fused myveloma cells
{unfused splenocvies die after several davs because they are not transformed). Hybridoma

cells preducing a monoclonal antibody of the wnvention are detected by scroening the
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hybridoma culture supernatants for antibodies that bind a nestralizing epitope of Gadl, ie|

using a standard ELISA assay.

HE Nucleie Acids, Veotors, and Recombinant Host Cells

3 A further object of the present invention relates o a nucleie acid sequence encoding
Gall epitopes associated with neotralining Gall activity, anttbodies (e.g., monocional
anttbodies) and fragments thereof, mmnmunoglobulins, and polypeptides of the present
nvention.

in one embadiment, thoe present nvention provides mucleie acid molecules having a

10 seguence that encodes a peptide or antibody of the present invention. As used heren, the

term “nuclese acid molecule™ is intended to include DNA molecules (fe, ¢cDNA or

genonue DNA) and RNA molecales (L.e., mRNA)Y and analogs of the DNA or RNA
generated using nucleotide analogs. The nucleic actd moleaude can be single-stranded oy

douhle-stranded, but preferably is double-stranded DNAL An “isolated” nucleic acid

L

molecule s one which is separated from other nucleie acid molecules which are present n
the nataral source of the nucleic acid. Preferably, an “isolated™ nucleic acid is free of
sequences which naturally flank the nucleic acid (4.e., scquences located at the § and ¥
cads of the nacleic acud) i the genomic DNA of the organism from which the nuclere acid
is derived. For example, in various embodiments, a recombinant andfor isolated nuclere
28 acid molecule can contain less than abowt 5 kb, 4kb, 3kb, 2kb, 1 kb, 0.5 kbor (L1 kb of
aucleotide sequences which naturally flank the mecleis acid moleouie i vival BNAL
Moreover, an “tsolated™ nucleie acid molecule, such as a ¢DNA nolecule, can be
substantiafly free of other cellular naterial, or culture medium when produced by
recombinant fechniques, or chenical precarsors or other chemicals when chemically

25 synthesized.

A mucleic acid molecude of the present wvention {e.g., disclosed in Table 3 or an
ortholog thereof or encodes a polypeptide deseribed hereind, can also be a nocleotide
sequence which is af least about Mi%, preferably at feast about 6%, move preferably at
least about 70%, vet motre preferably at least about 80%, still move preferably at least about

W 90%, and most preferably at least ahout 95%, 96%, 97%, 98%, 99% or more dentical to
such nuclootide sequences, can be engingered and isolated using standard modecalar
hiology technigues and the sequence infornmation provided bergin (f.e., as deseribed in

Sambrook, ), Fritsh, B, F., and Maniatis, T, Molecrdar Cloning: A Laboraioyy Mamual.
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2, ed., Cold Spring Havbor Laboratory, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, NY_ 1989}, Moreover, such naclere acids can be wolated by the polymerase
chain reaction using oligomucleotide primers designed based apon sequences described
herein or orthologs thereof. For example, RNA or DNA can be isolated from relevant
5§ sowrces contaimng nucleie acid emplates (Fe., by the guanidinium-thiocyanate extraction
procedure of Clurgwin ef of. {1979} Biochemiziry 18 5294-5299) and cDNA can be
prepared using reverse transcriptase (4.0, Moloney MLV reverse transcriptase, avatlable
from Gibeo/BRIL, Bethesda, MD; or AMV reverse transcriptase, avatlable from Seikagaku
America, Inc., St Potersburg, FLY. Syathetic oligonucleotide primers for PCR
10 amplification can be designed, A nucleic getd of the present invention can be amplified
using ¢DNA or, altematively, genonuc DNA| as a template and appropriate oliponucieotide
primers according to standard PCR amplification technigques. The nucleic acid so amphfied
can be cloned io an appropriate veotor and characterized by DNA sequence analysis.

Furthermore, ohigonucleotides corresponding to a sucleic acid sequence of the present

L

invention can be prepared by standard synthetie tochmiques, £, using an automated DNA
synthesizer.

In another embodiment, the nocleic acid encodes a protein that i1s at {east about 3%,
preferably at lgast abowt 60%%, more preferably at least about 0%, 75%, 80%, 85%, Gy,
Q1%0, 92%,, 93%, 4% 93%, 96%, 97%, 98%, 99% or more homologous to a Gall epriope
A sequence deseribed herein, or a fragment thereot.

1t will be appreciated by those skifled o the art that DNA sequence polymorphisias
that fead to changes in the amino actd sequences of a polypeptide can exist withina
population (e.g., a mammahian and/or human population). Such genetic polymorphism in a
gene can exist among mdividuals within a population duc to nateral allelic vanation, As
35 used horein, the ferms “gene” and “recombinant gene” refer to nucleie acid molecules

comprising an open reading frame encoding a polypeptide of the present invention,

preferably a mammalian polypeptide. Such natural allehe variations can typically result in

1-5% varance in the aucleotide sequence of the gene. Any and all such nucleotide

variations and resulting anung acud polymorphisms in a polyvpeptide that are the resudt of
30 natural allebe vanation and that do not alter the functional activity of the polypeptide are
mitended to be within the scope of the present invention. Nucleie acid moleoules

correspenrding to natural allelic variants and hoologues of interest can be isolated.

- 40 -
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In addition o natarally-oceurring allelic vartants of a sequence that can exist in the
population, the skilled artisan will further appreciate that changes can be introduced by
mstation inte the nuclcotide scquence of a relevant Gall epitope nuclete acid sequence
shown m Table 3 or orthologs thercof, thereby leading to changes i the mmino acid

5 sequence of the encoded protein, without altering the fiunctional ability (e.g., neutralizing
epiiope} of the protein. For example, nucleotide substitations leading to amine acid
substilutions at “now-essential” amino acid restdues can be made in the sequences. A “now-
essenttal” amino acid residue 18 a residue that can be altered from the wild-type sequence
withowt substantially abtering the impumogemic properties or conformation, wheroas an

10 “essential” amine acid residie is one that affects the iamunogenic properties or

conformation. Other anuno acid residues, however, (e.g., those that are not conserved or
only semi-conserved between mouse and buman) cannot be essential for activity and thus
arc likely o be amenable to alicration without altering polypeptide activity.

The torm “sequence sdentity or homology ™ refers to the sequence similarity between

L

two polypeptide molecules or between two nucleic acid molecules. When a position n
baoth of the two compared sequences 1s occupied by the same base or aming acid monomer
sabunit, e.g., if a position i cach of two DNA moleeules is occupied by adenine, then the
molecuies are homologous or sequence wdentical at that position. The percent of bomology
or sequence wdentity between two sequences 1s a function of the munber of matching or
A homologous identical positions shaved by the two sequences divided by the mumber of
positions compared x 106, For example, if6 of 10, of the positions in two scquencces arc
the same then the two sequences are 60% homologous or have 60% sequence identity. By
way of example, the DNA sequences ATTGCC and TATGGU share 0% homology or
sequence iklentity, Generally, a comparison s made when two sequences are aligned (o
25 pive maximum himology. Unless otherwise specified “loop out regions™, e.g., those
arising from, from deletions or inserions 1 one of the sequences are counted as
nusmatches.
The comparison of sequences and deternunation of percent homology
between two seguences can be accomplished using a2 mathematical algorithm.
b Preferably, the aligament can be performed using the Clastal Method. Muoliiple
alignment parameters inclade GAP Penalty =10, Gap Longth Penalty = 16, For
DINA alignments, the pairwise alignment parameters can be Huuple=2, Gap

penalty=3, Window=4, and Diagonal saved=4. For protein alignments, the pairwise

- 41 -
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alignment parameters can be Ktuple=1, Gap penalty=3, Window=3 and Diagonals
Saved=S,

In a preforred embodiment, the percent identity between two amine acid sequences
is determined using the Needleman and Wunsceh (4 Mol Bial {48):444-453 (1970))
algorithm which has been incorporated into the GAP progrant in the GCG software package
{available online}, using cither 3 Blossom 62 matrix or a PAM230 mawnix, and a gap weight
of 16, 14, 12, 10, &, 6, or 4 and a length weightof 1, 2, 3,4, 5, or 6. Tn vt another
preferred embodiment, the percent identity between two nucleotide sequences 1s determined

using the GAP prograwm in the GCG software package (available online), using a

NWSgapdna UMP matrix and a gap weight of 44, 50, 60, 70, or 80 and a length weight of

1, 2,3, 4, 5, or 6. In another embodiment, the percent identity between two aminoe acid or
nocleotide sequences is determined using the algovithm of B, Mevers and W, Miller
{CABIOS, 4:11-17 (1989)) which has been incorporaied nto the ALIGN program (version
2.0) {avarlable onling), using a PAMI20 weight residue table, 2 pap length penalty of 12
and a gap penalty of 4.

An solated nucleie acid molecule encoding a Gall neutralizing epitope, or ortholog
or fragment thereof, can be created by intreducing one or more nucleotide substitutions,
additions or deletions into the nuclentide sequence of a template. Mutations can be
mtroduced by standard techniques, such as site-directed mutagenesis and PCR-mediated
nustagenesis. Preferably, comservative anuno actd substitutions are made at one or more
predicted nor-essential asuno acid residues, A “conscrvative anuno acid substitation™ is
one in which the amino acid residue 15 replaced with an amino acid residue having a simitar
side chain. Families of amino acid residues having similar side chaing have been defined in
the art. These famibios nclude anuno acids with basic side chains {e.g., lysine, arginine,
histidine), acidic side chains {e.g., aspartic acid, glutamie actd), uncharged polar side chains
{e.g., glycine, asparaging, ghtamine, serine, threonine, tyrosine, cysteine), nonpolar side
chains {e.g., alamine, valing, leucine, soleucine, proline, phenylalanine, wethionine,
tryptophan}, branched side chains {e g, theeonine, valne, isoleucne) and aromatic side
chains fe.g., tyrosine, phenyvialanine, tryptophan, histiding}. Thus, a predicted nonessential
amino acid residue is preferably replaced with asother amino acid residue from the same
side chain famtly, Adternatively, in another embodiment, nnatations can be introdaced
randomiy along all or part of a target coding sequence, such as by saturation mutagenesis,

and the resultant vudants can be sereened for a tavget polypeptide activity described herein
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to wdentify motants that retain polypeptide activity. Following mutagenesis, the encoded
protein can be expressed recombinantly {as described herein) and the activity of the protein
can be determined asing, for example, assays deseribed herein.

Levels of proteins of interest (e.g., Gall neutralizing epitope containing peptides or
target Gall polvpeptides) can be assessed by any of a wide variety of well-known methods
for detecting expression of a transcribed molecule or protein. Non-limiting examples of
such methods include immunological methods for detection of proteins, protein purification
methods, protein function or activity assays, nucleie acid hybridization methods, nucleie
acid reverse transcription methods, and mucleic acid amplification methods.

I somie eathodiments, such protein expression {ovels are gscertained by swaswing
gene transeript (e, mRNA}Y, by a measure of the quantity of translated protein, or by a
measwe of gene product activity., Expression levels can be monitored i a variety of ways,
mcheding by dotecting mRNA lovels, protoin levels, or protein activity, asy of which can be
measured using standard technigues, Detection can involve quantification of the level of
gong expression {e.g., gonomic DNA, cDNA, mRNA, protemn, or enzyme activity}, or,
alternatively, can be a qualitative asscssmoent of the level of gene expression, i particular in
comparnison with a control level, The tvpe of level boing detected will be clear from the
context,

In other embodiments, mRNA expression level can be deternuned both by by sty
and by & vigro formats in a biological sample using methods known in the art. The wrm
“Hiological sample™ iy mtended to metude tissues, cells, bivlogical fluids and isolates
thereof, solated from a subject, as well as tissues, cells and fluids present within a subject.
Many expression detection methods use solated RNA. For in vitro methods, any RNA
isolation technique that does not select aganst e isolation of mRNA can be utihized fir
the purification of RNA from cells {see, e g, Ausubel ef ol ed., Current Pratwcols n
Molevidar Biojogy, John Wiley & Souns, New York 1987-1999). Addwionally, lavge
nembers of tissee samples can readily be processed osing echniques well known to those
of skill in the art, such as, for example, the single-step RNA 1solation process of
Chomczynsk (1989, U5, Patent No. 4,843,155}

The 1solated mRNA can be used in hybridization or amphification assavs that
inclade, but are not limited to, Soathern or Northern analyses, polymerase chain reaction

analvses and probe arravs.
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As an alternative to making determinations based on the absolute expression level,
deternunations can be based on the normalized expression level. Expregsion fevels are
normalized by correcting the absolate expression level by comparing #s expression fo the

gene that 18

bec

expression of a non-target gene, e.g., a housckeeping or other reference

SeNes

P

5 constitutively expressed. Switable genes for normalizaton inclade housekeeping
such as the actin gene, or epithelial celi-sperific genes. This normalization allows the
comparison of the expression level 1n one sample, «.g., a subject sample, to another sample,
e.g., a normal sample, or between samples from different sources.

The level or activity of a polypeptide can also be detected andfor guantified by

10 detecting or quantitving the expressed polypeptide. The desired polypeptide can be detecied

and quantified by any of a number of means well known to those of skill i the art. These

can include analvtic biochemical methods such as electrophoresis, capiflary electrophoresis,
high performance bguid chronatography (HPLCY, thas laver chromatography (TLCY,

hyperditfusion chromatography, and the like, or various mmmunological methods such as

L

fluid or gel precipitin reactions, immunodiffusion (single or double),
immmanoclectrophorests, radiotmmunoassay (RIA), enzyme-Hoked immunosorbent assavs
(ELISAs)Y, immaunofloorcscent assays, Western blotting, and the like, A skilled artisan can
readily adapt known protein/antibody detection methaods for use in determining whether
cells express the polypeptide of mierest.

24 Typically, said mucleic acid 1 a DNA or RNA mwolecale, which may be incladed 1n
anty suitable vector, such as a plasmid, cosond, episome, artificial chromosome, phage ora
viral vector,

The terms “vector”™, “cloning vector” and “expression vector™ mean the vehicle by
which a DNA or RNA sequence (e.g. a foreign gene) ean be introduced into a host celf, so
25 as to transform the host and promote expression {e.g. transcription and translation) of the

mtroduced sequence. Thus, a further object of the present invention relates to a vector
comprising a nocleic acid of the present mvention.
Such vectors may conprise regulatory clemends, such as a promoter, cithancer,
terminator and the like, to cause or divect cxprossion of said polypeptide upon
W administration to a subject. Examples of promoters and enhancers used m the expression
vector for animal cell inchade carly promoter and enbhancer of SV40 (Mizokami T. et al.

19873, LTR promoter and enhancer of Maolonoy mouse leukemia virus (Kowana Y et al.
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1987}, promoter {Mason § O et al. 1985) and enbancer (Gillies S D et all 1983) of
mwnenogiobulin H chan and the like.

Any expression vector for animal cell can be wsed.  Examples of switable vectors
mclude pAGEIGT (Mivap H et al. 1990}, pAGELO3 (Mizukami T et al. 1987}, pHSG274
{Brady G et al. 1984}, pKCR(OHare K ot al. 1981, pSGIT beta d2-4-(Mivaji H et all 1990)
and the like, Other representative exanples of plasroids ichude replicating plasmids
compristng an origim of replication, or mtegrative plasmuds, such as for instance pUC,
pcDNA, pBR, and the like. Representative examples of viral vector include adenoviral,
vetroviral, herpes vivus and AAV vectors. Such recombinant viruses may be produced by
techaigues known i the art, such as by transfecting packaging cells or by transient
wansfection with helper plasnuds or viruses. Typical examples of virus packaging cells
inchide PASLT cells, PsiCRIP cells, GPenv-positive cells, 293 cells, ete. Detatted protocols
for producing such rephcation-defoctive recombinant viruses may be found for instance
WO OST4785, WO 9622378, US. Pat, No. 5882877, US. Pat. No. 6,013,516, ULS. Pat.
No. 4,861,719, US. Pat. No. 5278056 and WO 94/19478.

A further objoct of the present imvention relates to a cell which has been transfeeted,
nfected or ransformed by a nucleic acid andfor a vector according to the invention. The
term “transforpiation” means the introdugtion of a “foreign™ {i.¢. extrinsic or extrageliular)
gene, DNA or RNA sequence to a host eell, so that the host cell will express the introduced
gene or sequence to produce a desived substance, typically a protein or enzyme coded by
the wirodeced gene or sequence, A host cell that receives and expresses introduced DNA
ot RNA has been “transformed.”™

The nucleie acids of the present mvention may be used to prodace a recombinant
polypeptide of the present mvention 1n a switable expression systent. The form “expression
system” means a host cell and compatible vector under suitable conditions, e.g. for the
expression of a protetn coded for by foreign DNA carvied by the vector and introduced 1o
the host cell.

Conunon expression systerns melude £ colf host cells and plasoud vectors, nsect
host cells and Baculovirus vectors, and manunalian host cells and vectors. Other examples
of host cells wclude, without limitation, prokaryotic cells (such as bacteria) and eukarvotic
cells (such as veast cells, manunatian cells, insect cells, plant colls, ote)). Specific examples
include £, cofi, Khaveramyces or Saccharonivees veasts, manunatian cell lines {eg., Vero

cells, CHO cells, 3T3 cells, COS cells, ete) as well as primary or established mamomalian
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cell audtures {e.g., produced from ymphoblasts, fibroblasts, embryonic cells, epithelial
cells, nervous cells, adipooyies, ete). Examples also inchude mouse SP2A-Agid cell
(ATCC CRLISST), mouse PING3-AgR.653 ool (ATCC CRL 180}, CHO cell in which a
dibydrofolate reductase gene (heremafter referred to as “DHER gene™) is defective (Urlaub
Getal; 19803, rat YB2ZAHL P2.GH 16Ag 20 cell {ATCC CRL 1662, hereinafier referred
o as “YB20 cell™), and the ke, The YBR/U cell is preferred, since ADCC activity of
chimeric or humanized antibodies 1s enhanced when expressed in this cell.

The present mvention also relates to a method of producing a recombinant host cell
expressing an antibody or a polypeptide of the present mvention according 1o the invention,
satd method comprising the steps consisting of (1) introducing &1 vitro or ex vive a
recombinant nucleie acid or a vector as deseribed above mio a competent host cell, (1)
cularing i vitro or &x vive the recombinant bost cell obtained and (313}, optionally,
selecting the eclls which express andfor secrete said antibody or polypeptide. Such
recombinant host cells can be used for the production of antthodies and polypeptides of the
present invention, A cell culture includes host cells, medin and other byproducts. Suitable
media for cell culture are well known in the art. A polypeptide of interest or fragment
thercof, can be secreted and isolated from a mixture of cells and medium contaming the
polypeptide. Alternatively, a polypeptide or fragment thereof, can be retained
eytoplasnucally and the cells harvested, fysed and the protein or protein complex sofated.
A polypeptide of interest or fragment thereof, can be isolated from celf coltore mediom,
host coils, or both asing techmques kaowa in the art for punifying proteins, including on-
exchange chromatography, et filtration chromatography, vltrafiltration, electrophoresis,
and maumoafiinity purification with antibodies specific for particular epitopes of a
polypeptide of interest or 3 fragment thereof, 1o other cimbodiments, heterologous tags can
be used for purification purposes (e.g., epitope tags and FC fusion fags), according to
standards methods known i the art,

In another aspect, the present invention provides isolated nucleic acids that
hybridize under selective hybridization conditions to a polyrucientide disclosed herein,
Thus, the polveuclectides of thus embodiment can be gsed for isolating, detecting, andfor
quantifying bucleie acids comprising such polvnuclentides. For example, polynucicotides
of the present imvention can be used to identify, isolate, or amplify partial or full-leagth
clones i a deposited bbrary. hie some embodiments, the polyviucicotides are genmmic or

cDINA sequences isolated, or otherwise complementary to, a ¢cDNA from a human or
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mammalian nucleie acid hbrary, Preferably, the cDNA hbravy comprises at Jeast 80%, full-
{ength sequences, preferably, at least %% or 90% foll-length sequences, and, more
preferably, at feast 95% full-length sequences, The ¢DNA bibrartes can be normalized to
merease the representation of rare sequences.  Low or moderate stringency hybridization

5 conditions are typically, but not exchusively, emploved with sequences having a reduced
sequence identily relative to complomentary sequences. Moderate and high stningeney
conditions can optionally be enmployed for sequences of greater identity.  Low stringency
conchitions atlow selective hybridization of sequences having about 7T0% sequence wdentity
and can be caploved to dentify orthologous or paralogous sequences. Optionally,

10 polymecleotides of this invention will encode at least g portion of an antibody envoded by

the polymucleotides described berein. The polynucleotides of this mvention embrace nucleic

acid sequences that can be employed for selective hybridization to a polynacleotide

creoding an antibody of the present mveation, Sec, e.g., Ausubel, supra; Codligan, suprs,

cach entirely mcorporated herein by reference.

L

IV, Maoethods of Producing Polvpeptides and Aniibodies

Polypeptides and antibodies and fragments thereof, immunoglobudins, and
polypeptides of the present invention may be produced by any technique known i the art
or described herein, sach as, without mstation, any chemical, biological, genctic or
A enzymanc technigue, either alone or in combination.

For example, host cells can be cultured o express a polypeptide or antiboddy of
mterest. A cell culture includes host cells, media and other byproducts. Svitable media for
cell culture are well known in the art. A polypeptide of interest or fragment thereof, can be
seercted and isolated from a mixtwre of cells and medinm contamning the polvpeptide.

25 Alternatively, a polypeptide of interest or fragment thercof, can be retained cytoplaspiically
and the cells harvested, Tysed and the protein or protein complex isolated. A polypeptide of
interest or fragiment thercof, can be isolated from cell culture mediom, host cells, or both
asing techmiques known in the ant for punifying profeins, ticluding ton-exchange
chronnatography, gel filiration chromatography, ulirafiltration, electrophotesis, and

W innmmumoeaffiniy punification with antibodices speeific for panticudar epitopes of a
polypeptide of interest or a fragment thereof, 1o other cmbodiments, heterologous tags can
be used for purification purposes {e.g., cpitope tags and FU fusion fags), according to

standards methods knovw in the art,
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Thus, a nucleotide sequence encoding all or a selected portion of a polypeptide of
interest can be used to produce a recombinant form of the protein via microbial or
eukaryotic cellular processes. Ligating the sequence into a polynucleotide constract, such
as an expression vector, and transforming or transfecting o hosts, either evkaryoue

5 fyeast, avian, insect or mammabian} or prokarvoue (hacterial cells), are standard
procedures. Stmmlar procedures, or medifications thercof, can be employed to prepare
recombinant polvpeptides of micrest or fragments thereof, by microbial means or tissue-
culture technology 1n accord with the subject mvention.

in another vanation, protein production can be achieved using fw vigro translation

10 asystems. e virro transtation systems are, generally, a translation system which is a cell-free
extract contaming at least the minimum clements necessary for translation of an RNA
molecele into a protein. An i vigro translation system typically comprises at least
ribosomes, tRNAs, mitiator methionyHRNAMet, protemns or complexes involved in

translation, g, olF2 ¢IF3, the cap-binding (CB) complex, comprising the cap-binding

L

protein {CBP) and cukarvotic mitiation factor 4F (oIF4F). A vaviety of i vivro transiation
systems are well knows in the art and inclade conmmereially avatlable kits. Examples of in
vigre transiation systems include cukarvotic lysates, such as rabbit reticalocyte fysates,
rabbit oocyte fysates, muman cell lysates, insect cell Iysates and wheat gorm extracts.
Lysates are commercially avatlable from mamufacturers such as Promega Corp., Madison,
2 Was; Stratagene, La Jolla, Calif; Awersham, Arlington Heights, B, and GIBCO/BRL,
Crand Island, NUY. Jr vitre translation systoms typically comprise macronwleeules, sach as
enzymes, ranslation, initiation and clongation factors, chenuical reagents, and ribosomes. In
addition, an in vitro wanseription system can be used. Such systems typically comprise at
feast an RNA polvaerase holoenzyme, ribomucleotides and any necessary franseription
25 imtiation, clongation and teymination factors. fi wire ranscription and transiation can be
coupled 1n a one-pot reaction to produce proteins from one or more isolated DNAs,

In certain embodiments, a polypeptide of interest or fragment thereof, can he
synthesized chemically, ribosomally i a cell free system, or ribosomally within a cell.
Chemical synthesis can be carried out using a vanety of art recognized methods, including

W stepwise solid phase synthesis, seni~-syothesis through the conformationally-assisted re-
ligation of peptide fragments, cnzyvmatic ligation of ¢loned or symthetic peptide segments,
and chemieal ligation., Native chenucal higation eroplovs a chemoselective reaction of two

anprotected peptide segments fo produce a transient thioester-hinked intermediate. The
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transient thioester-linked httermediate then spontaneously undergoes 8 rearrangement 1o
provide the full length hgation product having a native peptide hond at the ligation site.
Full-length Higation products are chemically identical to proteins produced by cell free
synthesis. Full length ligation products can be refolded andfor oxidized, as allowed, 10
form mative disutfide-containing protein molecoles. {see e.g, U.S. Pat. Nos. 6,184 344 and
6,174,530, and T. W. Muir ¢f of., Curr, Opin. Biotech, (1993): vol 4, p 420; M. Miller, ¢
al., Science (1989 vol. 246, p 1149: A Windawer, ef of., Science {1989Y: vol. 245, p 616;
L. H. Huang, er ol , Biochenustry (1991 ) vol. 30, p 7402 M. Sclmolzer, ef gl Int 1. Pept.
Prot. Res. (1992 vol. 40, p 180-193; K. Rajarathnam, er &, Science (1994): vol. 264, p
94 R. E. Offord, “Chemical Approaches (o Protein Engineering™, in Protein Design and the
Development of New therapeutics and Vaccines, §. B, Hook, G. Poste, Eds., (Plemum Press,
New York, 1990) pp. 253-282, €. 1A Wallace, er o, 1. Biol. Chen. (1992) vol. 267, p
3852; L. Abrahwosen, of ¢f., Biochemistry (1991): vol. 30, p 4151, T, K, Chang, et of., Proc.
Natl, Acad. Sci. USA{1994) 01 12544-12548; M. Schalzer, er of | Scionce (1992 vol.,
3256, p 221, and K. Akaj, er ol Chem. Pharm, Bull (Tokyo) (19853 33 184).

In particelar, the present mvention farther relates to a method of producing an
antibody or a polvpeptide of the present invention, which method comprises the steps
consisting oft (1) cultuning a transformed host cell according to the mvention under
conditions suitable to allow expression of said antibody or polypeptide; and (1) recovering
the expressed antibody or polypeptide.

Antibedics and other polypeptides of the prosent invention are surtably scparated
from the coltare medivm by conventional imnumoglobulin purification procedures such as,
for example, protein A-Sephavose, hvdroxylapatite clvomatography, gel electrophoresis,
dialysis, affinity chromatography, anwnonium sulfate or ethanol precipitation, acid
exfraction, anion or cation exchange chromatography, phosphocelinlose chropwtography,
hydrophobic interachion chromatography, hydroxylapatite chromatography and lectin
chromatography. High performance hquid chromatography ("HPLC"} can also be
emploved for purification, See, e.g., Cotligan, Current Protocols in Immmelogy, ot
Current Protocols in Protein Science, John Wiley & Sons, NY, N.Y ., (1997-2001), e.g..
Chapters 1, 4, 6, 8,9, 1), cach entiscly incorporated herein by reforence.

Climeric antibodics (e g, mousc-human chimeras} of the present invention can be
produced by obtaimning nucleie sequences encoding VL and VH domains gs proviously

described, constructing a human chimeric antihody expression vector by inserting them into
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an expression vector for ammal cell having genes encoding uman anttbody UH and human
antibody CL, and expressing the coding sequence by introducing the expression vector mto
an antmal coll. The CH domain of 8 human chimeric antibody can be any region which
belongs to human impumoglobulin, such as the 1gG class or a subclass thereof, such as
IeGl, 1gG2, 1003 and 1gG4. Simlarly, the CL of a human chimeric autibody can be any
region which belongs to Iy, such as the kappa class or lambda class, chuneric and
humanized monoclonal antibodies, comprising both human and non-human portions, which
can be made using standard recombinant DNA rechniques, are within the scope of the
present wvention, Such chimerie and bumanized monoclonal antibodies can be produged
by recombinant DNA techaijues known in the art, for example ysing methods described i
Robinson ef ol International Patent Publication PCT/USE6A2269; Akira ¢f ol European
Patent Application 184 187; Tanigachs, M. European Patent Application 171,496; Momison
et al. European Pateni Application 173,494; Neuborger ef ¢f. PCT Application WO
¥6/01533; Cabilly ef o US. Patent No. 4 816 567; Cabilly ¢f ol European Patent
Application 125,023; Better er al. (1988} Science 240:1041-1043; Lin ar of. (1987} Proc,
Natl dead. Sci, U84 34:3439-3443; Liwer ol (1987).7 Immmenol. 139:3521-3526; Sun ¢f
al. (1987} Proc. Nadf. dcad. Sce. 834:214-218; Nishimuara er of. (1987} Cancer Rey. 47:999-
OG5 Wood er of {1985) Naduwre 314:446-449; Shaw er of. (1V88Y.1. Natf Cancer Inst.
RO:E553-1559); Morrison, S, L. (1983} Science 229:1202-1207; Ol et al. {1986)
Riotechuigues 4:214; Winter ULS, Patent 3 235,539, Jones er af (19863 Naawre 321:5352-
325; VYerhoovan ef af. (1988) Science 23915334, and Beidler of ol (1988} J. Immnal.
14146534000,

In addition, humanized antibodies can be made according to standard protocols such
as those disclosed i ULS. Patent 5,565,332, In another embodiment, antibody chains or
specific bindmyg pair members can be produced by recombination between vectors
comprising nucleie acid molecales encoding a fusion of a polypeptide chain of a specific
hinding pair member and a component of a replicable generic display package and vectors
containing nucloie acid molecules encoding a second polypeptide chain of a single bingling
pait mermber using techniques known in the art, e.g., as deseribed in ULS. Patenis 5365332,
S.87L907, or 5,733,743, Humanized antibodics of the present myvention can be produced
by obtaming nucleic acid sequences encoding CDR domaias, as previousty deseribed,
constructing a humanized andibody expression vector by inserting thern into an cxprossion

vector for antmal cell having genes encoding (i} @ heavy chain constant region identical to
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that of a human antibody and (1) a bight chain constant region wdenticad to that of a human
antibody, and expressing the genes by introducing the expression vector into an antmal cell.
The humanized antibody expression vector may be either of a type in which a gene
encoding an antibody heavy chain and a gene encoding an antibody light chan exists on
separate vectors or of a fype in which both genes exist on the same vector {tandem type).

Methods for producing humanized antibodics based on conventional recombinant
DINA and gene transfection techaiques are well known in the ant (See, e, Ricchmann L. et
al. 1988; Neuberger M 5. et al. 1985}, Anubodies can be humanized using a vanety of
technigues knowa i the art inchuding, for example, COR-grafitng (EP 236,400 PCT
publication WOSLAG96T, ULS, Pat. Nos, 3223539 5,530,101 and 5,585 189), veneering
or resurfacing (EP 592 106; EP 519 .596; Padlan EA (1991}); Studnicka G M et al. (1994);
Roguska M A et al. (1994}, and chain shuffling (U5, Pat. No. 5,565.332). The general
recotmbinant DNA fechnology for preparation of such antibodies 1s also known {sec
European Patent Application EP 1253023 and International Patent Application WO
S6/02576).

Stmilarly, bispecific or multispecific antibodies desoribed herein can be made
according to standard procedures. For example, friomas and hyvbrid hybridomas are two
examples of cell hines that can secrete bispecific or multispecific antibodies. Examples of
bispecific and multispecific antbodies produced by a hybrid hybridoma or a tnoma are
disclosed 1o UL.S. Patent 4,474 593, Such antibodies can also be constructed by chemical
mcans {Stacrz ef ol (1983) Narre 3140628, and Porcz of ¢, (1985) Natire 316:354) and
hybridoma technology (Staerz and Bevan (1986} Froc. Natl Avad. Sei. US4, 83:1453, and
Staerz and Bevan {1986} fonmuncl Today 724 1), Alternatively, such antibodiescan also be
generated by making heterohybridomas by fusing hybridomas or other cells making
different antibodics, folowed by identification of clones producing and co~assembhing the
desired antibodies. They can also be generated by chomical or genetic conjugation of
complete invnunoglobudin chams or portions thereof such as Fab and Py sequences. The
antiboddy component can bind to a polypeptide or & fragment thereof of one or more
burmarkers of the present invention, including one or mare ivmunsinhibitory iomarkers
deseribed herem.

In addition, methods for producing antibody fragments are wel known, For
exanmple, Fab fragments of the present invention can be obtained by treating an antibody

which specifically reacts with buman GAL with a protease, papaine. Also, Fabs can be
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produced by mserting DNA encoding Fabs of the antibody into a vector for prokarvotic
expression systeny, or for eekaryotic expression system, and introdecing the vector into a
procaryote oF cucaryote (as appropriate) 1o express the Fabs,

Stmilarky, F(ab'j2 fragments of the present mvention can be obtamed treating an
antibody which specifically reacts with GALT with a protease, pepsin. Also, the F(ab')y2
fragment can be produced by binding Fab' described belorw via a thioether bond or a
disulfide bond.

Fab' fragments of the present invention can be obtmined treating F{ab')2 which
speotfically reacts with hGALT with a reducing agent, dithiothreitol. Also, the Fab’
fragmends can be produced by inserting DNA encoding a Fab' fragment of the antibody info
an expression vector for prokaryote, or an expression vector for enkaryvote, and introducing
the vector into a prokarvote or eukaryote (as appropriate} to perform its expression.

1n addition, scFvs of the preseat mvention can be produced by obtatng cDNA
encoding the VH and VL domains as previously described, constructing DNA encoding
scFv, inscrting the DNA mitoe an expression vector for prokarvote, of an oxpression vector
for cukarvote, and then introducing the expression vector into a prokacyote or cakarvote (as
appropriate) to express the scFv. To generate 3 humanized seFyv fragment, a well known
technology called CDR grafting may be used, which mvolves selecting the complementary
determining regions (CDRs) from a donor seFy fragment, and grafting thern outo a haman
seFy fragment framework of known three dimensional stractore (see, e.g., WOUE/4I322;
WO 7020671, ULS. Pat. No. 5,859.205, ULS. Pat. No, 5,385,089, ULS. Pat. Nu. 4,816,367,
EPO173404)

Y. Modification of Polvpeptides and Antibodics

Antino acid sequence modification(s) of the pulypeptides and antibodies described
heredn are contemplated. For example, it may be desirable to improve the binding affinity
andor other hiological propertics of the antibody. It is known that when a humanized
antibaddy 1s produced by stmply grafiing only CORs wm VH and VL of au antibody derved
from a non-human animal in FRs of the VH and VLU of a waman antibody, the antigen
binding activity s reduced m comparison with that of the oniginal antibody derived from a
non-homan ammal. It s considered that several amino acid residues of the VH and VL of
the non-huinan antibody, not only in CDRs but also in FRs, are divectly or indirectly

associated with the antigen binding activity. Hence, substitution of these amino acid
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residues with different amino acid residues devived from FRs of the VH and VL of the
tsman anttbody woeld redoce binding activity and can be corrected by replacing the anuno
acids with anino acid residucs of the original antibody derived from a non-haman animal.

Modifications and changes may be made in the structure of the polypeptide or
antibodies of the present invention, and i the DNA sequences encoding them, and sl
obtain a functional melecule that encodes an antbody and polypeptide with desirable
charactertstics. For example, certain amino acids may be substitwied by other amino acuds
n a protein structure without appreciable loss of activity. Since the interactive capacity and
nanie of a protein define the protein's biclogical functional activity, cortain amine acid
substitutions can be made t g protein sequence, and, of course, i s DNA encoding
sequence, while nevertheless obtaining a protem with like properties. 1t is thus
conternplated that varouas changes may be made in the anubodies sequences of the present
mvention, or cotresponding DNA sequences which encode satd polypeptides, withost
appreciable loss of their biological sotivity.

In one embodiment, amino acid changes may be achieved by changing codons in the
DNA sequence to encode conservative substitutions based on conservation of the genetic
code. Specifically, there 1s a knovwn and definite correspondence between the aminoe acid
sequenice of a particular protomn amd the nuclentide sequences that can code for the protein,
as defined by the genetic code (shown below). Likewise, there 1s & known and definite
correspondence between the nacleotide sequence of a particalar nucleie actd and the amino

acid sequence encoded by that nucleic acid, as defined by the genetic code.

GENETIC CODE

Alanine {Ala, A) GCA, GOC, GCG, GCT

Arginine (Arg, R) AGA, ACG, CGA, CGQC, CGG, CaT
Asparagine {(Asn, N} AAC, AAT

Aspartic acid (Asp, D) GAC, GAT

Cystome {(Cys, O) TGC, TGT

Glutanue acid {(Glu, £) GAA, GAG

Glutanmme {Gln, () CAA, CAQG

Glyeine {(Gly, ) GGA, GGC, GGG, GGT

Histidine {(His, H) CAC, CAT

Isoleucne {ie, ) ATA ATC ATT

¥
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Leucine (Leu, L) CTA, CTC, CTG. CTT, TTA, TTG
Lysine {(Lys, K} AAA AAG

Methionine (Met, M) ATG

Phenylalanine (Phe, F) TIC, 7YY

Proline {Pro, P} CCA, COC, OG0T

Serine {Ser, 5} AGC, AGT, TCA, TCC, TCG, TCY
Threonine (Thr, T) ACA, ACC, ACG, ACT
Tryptophan {Trp, W) TGG

Tyrosine (Tyr, Y) TAC, TAT

Valine {Val 'V} GTA, GTC. GTG, GTT
Termmation signal {end) TAA, TAG, TGA

An important and well known featwre of the genetic code i 18 redundancy,
whereby, for most of the amine acids used to make profeins, more than one coding
nucleotide tiplet may be employed (llustrated above). Therefore, a number of differont
nucleonide sequences may code for a given amimo acid sequence. Such nucleonde
sequences are considered fimctionally equivalent since they result in the production of the
same amino acid sequence in all organisms (although certain organisms may transkate some
sequences more officiently than they do others). Moreover, occasionally, a methvlated
vartant of a purine or pyrimidine may be foand in a given nucleotide sequence. Such
methylations do not affect the coding relationship between the winucleotide codon and the
corresponding anung actd,

I view of the foregoing. the nucleotide sequence of 38 DNA or RNA coding for a
fusion protein or polypeptide of the present invention {or any portion thereof) can be used
to derive the fusion profein or polvpeptide amino acid sequence, asing the genetic code to
translate the DNA or RNA into an amino acid sequence. Likewise, for fusion protein or
polypeptide amino acid sequence, corresponding nucleotide sequences that can encode the
fusion protein or polypepuide can be deduced from the genetic code (which, becanse of its
redundancy, will produce multiple nucleic acid sequences for any given amine acid
sequence). Thus, description andéor disclosure herein of a nucleotide sequence which
encodes a fusion protein of polypeptide should be considered 1o also inchude description
and/or disclosure of the amine acid scquence encoded by the nucleotide sequence.

Stmilarty, description andfor disclosure of a fusion protein or polypeptide amino ackl
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sequence herein should be considered to also include desceription andfor disclosure of all
possible nucleotide sequences that can encode the amino acid sequence.
In making the changes in the amino sequences of polyvpeptide, the hydropathic index

of amino acids may be considered. The mportance of the hydropatiue amino acid index in
5 conferring interactive biologic function on a protein is generally understood inthe art. It

accepied that the relative hyvdropathic character of the amino acid contributes to the

secondary structure of the resultant protein, which n turn defines the interaction of the

protemn with other molecules, for example, enzymes, substrates, receptors, DNA,

anttbodies, antigens, and the hke. Each anuno acid has been assigned a hyvdropathic mdex

160 onthe basis of their hydrophobicity and charge chargoteristics these are: soleucme (+4.5);
valine (+4.2); leucine (+3.8); phenvlalanme (+2.8); cysteinefoystine (+2.5); methionme
{+1.9); alamine (+1.8); glveine (-0.4); threonine (~0.7); serine (<0.8); tryptophane {-0.9);
tyrosine {(-1.33; profine (-1.6); lustidine (-3.2); glutamate (-3.5); ghaamine (-3.5); aspartate

{<RTI 3.5); asparagme {-3.5); lvsine (-3.9); and argimune (-4.3).

L

it 15 known 1 the art that certain anuno acids may be substituted by other amino
acids having a similar hydropathic index or score and still reselt in a protein with sirmilar
biological activity, i.c. still obtain a bicdogical functionally cquivalent protein,
As outhined above, anuno acid substitutions are geperally therefore based on the
refative simtfarity of the anuno acid side-chain substituents, for example, their
Ay hydrophobicity, hydrophificity, charge, size, and the ke, Exemplary substitutions which
take vancus of the foregomg charactenistics info consideration are well known to those of
skill in the art and include: arginine and bvsine; elotamate and aspartate; sering and
threonine; ghaamine and asparagine; and valing, leucine and 1soleucine.
Another tvpe of amymo acid modification of the polvpeptide or anttbody of the
35 prosent invention may be useful for altering the original glyveosylation pattern of the
antibody to, for example, ncrease stability. By “altering™ is meant deleting one or more
carbohydrate moreties found in the antibody, andfor adding one or more glycosylation sites
that arc aof present m the antibody. Glyeosyviation of antibodies is typieally N-linked. "N-
linked” refers to the attachnent of the carbohydrate moiety to the side chain of an
W asparagine residue. The tripeptide sequences asparagine-X-serine and asparagine-X-
threonine, where X is any aminoe ackd except proling, are the recognition sequeneses for
cnzymatic gitactunent of the carhohydrate mwiety to the asparagine side chatn, Thas, the

presence of either of these tripeptide sequences in a polvpeptide creates a potential

t
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glycosvlation site. Addition of glveosylation sues to the antibody 1s conventently
accomplished by altering the ammo acid sequence such that 1t contains one or more of the
above-described tripeptide sequences (for N-linked ghycosylation sites). Another tvpe of
covalent modification nvolves chenvically or enzymatically coupling glycosides to the
antibody. These procederes ave advantageous i that they do not requive produection of the
antibody 1o 3 host eedl that has glveosylation capabulities for N- or O-linked glyveosvlation.
Depending on the coupling mode used, the sugar(s) may be atiached to () grginine and
histiding, {b) free carboxyl groups, (¢} free sulthydryl groups such as those of cystemne, (d)
free hvdroxyl groups such as those of serine, threonine, orhyvdroxyproline, (¢} aromatic
restdues such as those of phenyialamne, tyrosine, or fryptophan, or {f) the ammde group of
glatanune. For example, such methods are desernbed i WORTAI5330,

Simtlarty, removal of any carbohydrate mojeties present on the antibody may be
accomplished chenucally or cnzymatically, Chemneal deglveosylation regquires exposure of
the antibody fo the compound triflucromethanesulfonic acid, or an equivalent compound,
This reatment results in the cleavage of most or all sugars except the hinking sugar (N~
acetylolucosaming or N-acetylgalactosaming), while keaving the antibody intact. Chomical
deglveosylation is described by Sojabr H. et al. (1987) and by Edge, A S, of gl {1981}
Enzymatic cleavage of carbohydrate moietics on antibodies can be achieved by theuse of a
vartely of endo- and exo-glyeosidases as described by Thotakera, N R et al. (1987

Other modifications can iyvolve the formation of mnumoconjugates. For example,
it one type of covalent modification, antibodics or proteins are covalonily linked to one of a
variety of non proteinacenus polymers, eg., polyethylene plveol, polvpropylene glyeol, or
polyoxvalkvlenes, in the manner set forth in 1.5, Pat No. 4,640,835, 4 496,689, 4,301,144,
4670417 4,791 192 or 4,179337,

Conjugation of antibodics or other proteins of the present invention with
heterologous agents can be made using a variety of bifuncthional protein coupling agents
inchsding but not limited to N-succiminndyl { 2-pyridyvidithio) propionate (SPDP),
succinimidyl {(N-maleinudomethylioyelohoxane- 1 -carboxyviate, iminothiolane {IT),
bifunctional derivatives of imidoesters (such as dimethy! adipiondate HCL), active esters
{such as disuccininudyl suberaie), aldehvdes {such as ghataraldehyde), bis-azido
compoands (such as bis (p-azidobenzovl) hexanedianuine), bis-diazonhumn derivatives {such
as bis~-(p-diazomumbenzoyl)-ethylenediamine), ditsoceyanates (such as tolyene

2. 6disocvanate), and bis-active fluorine compounds (such as 1,5-difluore-2 4-
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dintirobenzene). For example, carbon labeled $-isothioeyanatobenzyl methvidiethylene

o agent for conjugation of

trianunepentaacetic acid (MN-DTPA) is an exemplary chelatin
radionacleotide to the antibody (WO 94711026,
in another aspect, the present invention features anti-Gall antibodies conjugated to a
5§ dherapeutic moiety, such as a cvtotoxrin, a drog, andfor a radioisotope. When conjugated to
a cyiotoxin, these antibody corgugates are referred o as “womanotoxins.” A cviotoxin or
cytotoxic agent inchudes any agent that is detrimental to {e.g, klls) cells, Examples mclude
taxol, cytochalasm B, granucidim D, ethudium bronude, emetine, mitomycin, etoposide,
tenopostde, vineristing, vinblasting, colchicin, dosorubicin, daunorubicin, dihvdroxy
10 anthracin dione, outoxantrone, mithramyein, actinomycin D, 1-dehyvdrotestosterone,
glucocorticowds, procame, tetracaime, hdocame, propranolol, and puromyein and analogs or
homologs thereof. Therapeutie agents inclade, but are not hnnted to, antimetabolites {e g,
methotrexate, 6-mercaptopwrine, S-thioguanine, cytarabine, S-Hluorouracil decarbazing),

alkvlating agents {e.g., mechlorethamine, thiogpa chlorambucil, melphalan, carmustine

L

{BSNL) and lonustine {CONLD, evclothosphamide, busulfan, dibromomannitol,
streptozotocin, mitomyein €, and cis-dichlorodiaming platimum (1) (DDP) cisplatin,
anthracvelines {e.g., daunorabicin (Formerly daunenyvein) and doxondsicin), antibiotics
{e.g., dacthinomycin {formerly achinomycin}, blcomycin, mithramycin, and anthramycin
{AMO)), and anti-mitotic agents {e.g., vincristine and vinblagtine). An antibody of the

A present invention can be comjagated to a radioisotope, e.g., radicactive wodine, to generate

cytotoxic radiopharmaceuticals for reating a related disorder, such as a cancer.

Conjugated anti-Gall antibodies can be used therapentically in tissue as part of &
treatiment regimen. I some embodiments, detection is useful and detection can be
facilitated by coupling (7 ¢, physically Hinking) the amtibody to a detectable substance.

25 Examples of detectable substances include various enzymes, prosthetic groups, fluorescent
nwaterials, lununescent materials, bioluminescent materials, and radiocactive materials,
Examples of suitable enzvimes include horseradish peroxidase, alkaline phosphatase, P-
galactosidase, or acetylehohinesterase; examples of suitabic prosthetic group complexes
molhude streptavidindbiotin and avidm/biotin; examples of suitable fluorescent materials

W inchude wnbelliferone, fluorcscein, fluorescein isothiocyanate (FITCY, rhodamine,

dichlorotriazinylamine fluoresceoin, dansyl chloride or phycoervihrin (PE); an example of a

luminescent matertal includes lununol; exampies of bioluminescent materials mnclude

luciferase, luciferin, and sequorin, and examples of suitable radicactive material include

t

v
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By . P or "M 10134} As used herein, the torm “labeled”, with regard to the antibody,
is intended to encompass divect labeling of the antibody by couphing (Le., physically
tinking} a detectable substance, such as a radioactive agent or a fluorophore {e.g.
fluorescein ssothiocyanate (FITC) or phycoerythrin (PE) or Indocyanine (Cy3}) to the
antibody, as well as mdivect {abeling of the antthody by reactivity with a detectable
substance.

The antibody conjugates of the present invention can be used to modify a given
biological response. The therapeutic motety 1s not to be construed as hinited to classical
chemical therapewtic agents. For example, the drug moiety may be a proten or polypeptide
pussessing a desired biological activity, Such proteins may swhude, for example, an
enzymatically active toxin, or active fragment thereof, such as abrin, ricin A, pscudomonas
exotoxin, or diphtheria toxing a protein such as aumor necrosis factor or interferon~ gamma.;
or, biokocal respomse modificrs such as, for cxample, lvimphokines, imterloukin-1 FHL-17),
interieukin-2 ("IL-27), interfeukin-6 (“1L-6™), granulocyte macrophage colony stimulating
factor ("GM-CSE™), granutocyte colony stinulating factor CG~OSF}, or other eytokines or
growth factors,

Techaiques for conpigating such therapeutic moiety o antibodics are well known,
see. e.g., Arnon ef ol | “Monoclonal Antibodies For Imnumetargeting Of Drugs In Cancer
Therapy™, i Monoclonal Antibodies And Cancer Therapy, Reisfeld ez ol {eds ), pp. 243 56
{Alan R. Liss, Inc. 1985); Hellstrom ¢ af., “Anthodies For Drug Delivery™, in Controlled
Drag Delivery (Znd Ed.), Robinson ef af. {eds.}, pp. 623 533 {(Mavcel Dekker, Inc. 1987,
Thorpe, “Antibody Carriers Of Cytotoxic Agents In Cancer Therapy: A Review™, in
Monoclonal Antibodies '84: Biological And Chnical Applications, Pinchera ef af. (eds), pp.
475 SU6 (1985); “Analvsis, Results, And Future Prospective Of The Therapeutic Use OF
Radiolabeled Antibody In Cancer Therapy™, in Monoclonal Antibodies For Cancer
Detection And Therapy, Baldwin ef of. {ods ), pp. 303 16 {Academic Press 1985), and
Thorpe er o, “The Preparation And Cytotoxie Properties OF Antthody-Toxin Conjagates™,
Tmmunol. Rev,, 62:119 38 (1982).

in some embodiments, conjugations can be made asing a “cleavable hinker”
facilitating release of the cytotoxic agent or growth inhibitory agent i a cell. For example,
an acid-labile linker, peptidase-sensitive linker, photolabile lnker, dimethyl linker or
disulfide-containing linker (See e g, LS, Pat. No., 5,208,020} may be used. Altornatively, a

fusion protein comprising the antthody and cvtotoxic agent or growth wlubitory agent may
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be made, by recombinant technigques or peptide syathesis. The length of DNA may
conprise respective regions encoding the two portions of the conjugate either adjacent one
another or separated by a region encoding a linker peptide which does not destroy the

desired propertics of the conjugate.

Vi Uses and methods of the present byvention

The anti-Gall neutralizing epitope agents described herein {e.g., nucleie geids,
polypeptides, vectors, host cells, and the like) can be used to design anti~Gall neutralizing
agents. In partadar, mformation useful for the destgn of anti-Gall therapeutic agents,
inclueding, for example, the protein domwin, stroctural mformation, and the fike fr

polypeptides of the present nvention is desceribed herein.

a Screening assays

In certain exemplary embodiments, sereening assays for wdentifving modulators, ie,
candidate or test componnds or agents (e.g., antibodies, pepiides, cvelic peptides,
peptidonumetics, small molecules, small organic molecules, or other drugs) which have an
indibitory effect on Gall activity are provided.

Such modulators be identified and developed as described heremn wsing techniques
and methods known to those of skill s the art. The modulators of the present invention can
be used to inhibit Gall scuvity anddor to prevent or treat Gall -mediated disorders. A
mumber of methods for wdentifving such modealators are known i the art. For example, in
one such method, a Gall nucleie acid or polypeptide 15 contacted with a test agent and
Gall-mediated glvean binding activity 15 deternuned in the presence of the test compound,
wherein a decrease in the activity iy the presence of the compound as compared to the
activity in the absence of the compownd (or in the presence of a control compownd)
ndicates that the test agent modulates (e.g., inhibits or neutralizes} the activity of Gall.

Agents to be fested for their ability to act as modulators {e g, inhibits or
neutralizers) of Gall activity, can be produced, for exaople, by bacteria, yeast or other
organisms {e.g. natural products), produced chemically {e.g small molecules, including
peptidonumetics), or prodeced recombinantly. Compounds for use with the above-
described methods can be selected from the group of compounds consisting of lipids,
carhohydrates, polvpeptides, peptidomimetics, peptide-nucleic acids (PNAg), small
moleceles, nateral products, aptamers and polynucieotides, In certain embodiments, the

compound is a polyvnucleotide.
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A variety of assay formats will suffice and, 1 light of the present disclosure, those
not expressty described herein can nevertheless be comprehended by one of ordinary skilf
i the art based on the teachings hercin, Assay formats can be generated in many different
forms and include assays based on cell-free systems, e.g. purified proteins or cell lysates, as
well as cell-based assays which utilize intact cells. Simple binding assays can also be used
o detect agents which modulate Gall activity, for example, by inlubiting the forawtion of a
CGall-glyean complex or wnteraction. Another example of an assay useful for wdentifying an
inhibitor of Gall activity 1s a competitive assay that combines one or more Gall
polypeptides with a potential modulator, such as, for example, polypeptides, nucleie acids,
natural sabstrates or higands, antibodies, or substrate or ligand mimetics, under appropriate
conditions for a competitive mhibition assay. Assays can employ kinetic or
thermodynamic methodology using a wide varrety of techniques including, bat not limited
to, microcalorimetry, circutar dichroism, capillary zone clectrophoresis, muclear magnetic
resonance spectroscopy, fluorescence spectroscopy, and combimations thereof,

Interaction between Gall and a substrate, such as lactogsanune sequences (Galfit 4
GleNAc or polv-LacNAc residues on Neglycans andior U-glycans, such as complex N-
ghycans or core 2 O-glyeanst can be detected by a variety of methods. Modulation of the
complex’s formation can be quantificd using, for example, detectably labeled proteins such
as radiolabeled, fluorescently labeled, or enzymatically labeled polypepuides or binding
partners, by immaonoassay, or by chromatographic detection.

n cortain embodiments, it can be desirable to immobilize a test reagent tor fyciiitate
sepavation of desired reactants or products, as well as to acconmodate avtomation of the
assay. For example, polypeptides of the present invention can be bonded to a carrier
molecuie or immobihized on an object. Bt one cmbodiment, the objeet ts selected from the
proup consisting of a cell, a metal, a resin, 3 polymer, 3 ceramic, a glass, 2 nucroclectrode, a
graphitic particle, a bead, a gel, a plate, an array, and a capillary tube. Assays can be
accomplished in any vessel saitable for contaming the reactants. Examples include
nucrotitre plates, test tubes, and micro-centrifuge tubes. In one embodimment, a fusion
proteint can be provided which adds a domatir that allows the protein to be bound te a
matrix. For example, ghitathione~S-transferase/polypeptide (GST/polypeptide) fusion
profeing can be adsorbed onto ghuathione sepharose beads (Sigma Chenieal, St Louis,
Mo.} or glutathione dertvatized microtitre plates, which are then combined with the binding

partner, ey an © S-labeled binding partner, and the test compound, and the niixture

~ B -
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mcubated under conditions conducive to complex formation, e.g. at physiological
conditions for salt and pH, thoagh stightly more stringent conditions can be desired.
Followmng mcybation, the beads are washed to remove any ynbound label, and the matnix
immobihized and radiolabel determined dircetly (e.g., beads placed m semtitlant), or in the
supernatant after the complexes are subsequently dissociated. Alernatively, the complexes
can be dissociated from the mairix, separated by SDS-PAGE, and the level of target
polvpeptides found in the bead fraction quantified from the gel using standard
electrophoretic techmiques such as described 1n the appended examples.

Giher wehamigues for immobilizing proteins on matrices are also available for use
the subject assay. For instanee, a8 protein can be anmobilized utifizing conjugation of hiotin
and streplaviding For mstance, iotinylated polypeptide molecules can be prepared from
biotin-NHS(N-hvdroxy-suceinimide) using techniques well known i the art {e.g.,
biotinyviation kit, Pierce Chemicals, Rockiord, I}, and immebilized i the wells of
streptavidin-coated 96 well plates (Pieree Chemical), Altcrnatively, anti-Gall neutralizing
antibodies reactive with a polypeptide deseribed herein can be derivatized to the wells of
the plate, and polypeptide wrapped in the wells by antibody conjugation. As above,
preparations of a binding parteer and a test compound are incabated in the polypeptide
presenting wells of the plate, and the amount of complex trapped in the well can be
quantified. Exemplary methods for detecting such complexes, m addition to those
described above for the GST-inwnobitized complexes, include inunenodetection of
complexcs using antibodics reactive with the bimding partoer, or which are reactive with the
polypeptide and compete with the binding partner; as well as enzyme-hnked assays which
rely on detecting an enzymatic activity associated with the binding partner, cither intrinsic
or extrinsic activity, In the instance of the latter, the enzyme can be chenucally conjugated
or provided as a fusion protein with the binding partoer,

In certamn fin vitre cmbodiments of the present assay, the protein or the set of
proteins engaged m a protein-protein, protein-substrate, or protemn-nucleic acid interaction
comprises a reconstituted protem mixture of gt least senu-pwrificd profoins. By senu-
purified, i is meant that the proteins utihzed in the reconstituted mixture have been
previously separated from other cellular or viral proteins. For instance, in contrast to cell
{vsates, the proteins involved in a protein-substrate, protein-protein or mucleic acid-protein
inforaction are prosent in the mixiwre {o at least 30% purity relative to all other proteins n

the mixture, and more preferably are present at 9(-95% purity. In certain embodiments of

-6 -
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the subject method, the reconstituted protein mixtore is derived by mixing highly purified
proteins such that the reconstituted mixture substantially tacks other proteins (such as of
cellalar or viral origin} which might interfere with or otherwise alter the ability to measure
activity resulting from the given protein-substrate, protein-protem interaction, or nucleic
5 acid-protein interaction.
in one embodiment, the use of reconstituted protein mixtures aliows more careful
control of the protein-subsirate, protein~-protein, or nucleie acid-protein intoraction
conchittons. Movreover, the system can be derived to favor discovery of modulators of
particidar intermediate states of the protein-protem mteraction. For instance, a
10 reconstifuted protein assay can be carried out both in the presence and absence of a
candidate agent, thereby allowing detection of a modulator of a given protein-substrate,
protein-protein, or nucleie acid-protemn interaction.
n stilf further embodiments, the Gall agent expressing a neairalizing Gall epitope

can be generated i whole cells, taking advantage of cell culture techniques to support the

L

subject assay. For exanple, the apent can be constituted in a prokarvotic or cukaryotic cell
culture system. This allows for an environment more closely approxamating that which
therapeutic use of the modulator would require, including the ability of the agent o gam
catry iito or contact a eell. Furthermore, certain of the i vive embodiments of the assay
are amenable to lugh through-put analysis of candidate agents.

24 Some or afl of the components can be derived from exogenous soarces. For
instance, fusion protuins can be introduced mto the ool by recombinant techruques (such as
through the use of an expression vector), as well as by microinjecting the fusion protein
iself or mRNA encoding the fusion protein. Morcover, in the whole celf embodiments of
the subjeet assay, the reporter gene constract can provide, gpon expression, a selectable

35 marker.

The amount of transeription from the reporter gene can be measured using any
method known to those of skill in the art to be soitable. For example, specific mRNA
cxpression can be detected using Northerie blots or specific protemn product can be
wlentified by o characteristic stain, Western hlots or an intrinsic activity, In cortain

b ombodiments, the product of the reportor gene 1s detected by an intrinsic activity associated
with that product. For instance, the reporter gene can encode a gene product that, by
engymatic activity, gives rise fo a defection signal based on color, fluorescence, or

liminescence.

~H2 -
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In many drug sorcemmg programs which test bibranies of compounds {e.g., phage
display} and nateral extracts, high throughput assays are desirable in order to maximize the
mumber of compounds surveyed in g given period of time, Assays of the present invention
which are performed in cell-free systems, such as can be dertved with purified or sepu-

5 panfied proteins or with lysates, are often preferred as “primary™ screens in that they can be
generated to perout tapid development and relatively easy detection of an alteration ina
molecular target which 1s mediated by a test compound.  Moreover, the effects of cellular
toxicity and/or bicavaitlability of the test compound can be generally wgnored in the in vgo
systom, the assay instead being focused primarily on the effect of the drug on the molecular

10 target as can be mantfest in an alteration of binding affinity with other profeins or changes

in enzymatic propertics of the molecular target.

Gall activity can be wdentified andfor assaved using a variety of methods well
known to the skilled artisan as deseribed above, For example, targeted disruption of Gali-

glvcan interactions, through Gall blockade or prevention of M-glvean branching, can be

~

assaved. Such assays are well known in the ant (see, for example, 1.8 Pat. Publ.
2013001 1409 and PCT Pat. Pabl. WO 2011060272},

L

b, Methods of using innmunogens
As described above, the present invention provides compositions useful as

A bnmwmogens {e.g., polvpeptides, nucletc acids, vectors, host cells, immunogenic

compositions, and the like desenbed herein). Such invmunogens can be adounistered s any

of a manber of routes known in the art {e.g., 1o be compatible with cliciting strong antibody

responses). Adnunistration can be by yjection, infusion, aerosol, oral, transdermal,

transmacosal, intraplearal, intrathecal, or other suttable routes. Preferably, the composition

25 is admidstered by mtravenous, subcutaneous, intradernal, or inframuscular roufes, or any
combination thereof. The immunization protocol can include at least one priming dose,
foltowed by one or multiple boosting doses administered over time. An exemplary range
for an immunogenically effective amount of the present immunogenic polvpeptides is about
§ 1o about 30 ppdke body weight, A preferred range is about W-100 peke.

Y In one embodiment, one or more unit doses of the imnwnogen are given at ong, bwo
or three time points. The optimal menber and timing of boosts can readily be detormined
using roufine experimendation. Exemplary “prime-boost”™ regimens are descrihed n ULS.

Pat. No. 6,210,663 and WO 00/44410. One method according to the present invention
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mvolves “priming” a manunalian subject by admimstration of a primng cormposition.

“Priming,” as used herein, means any method whereby a first imnunization using an

antigen peronts the generation of an wumune response to the antigen upon a second

tmunization with the same antigen, wherein the second Inunune response 18 greater than
5 dhatachieved where the first inmmunization 1 not provided.

Preferably, a boosting composition is administered about 2 to 27 weeks after
admintstening the prinung composition to a mammalian subject. The gdministration of the
boosting composition is accomplished using an effective amount of a boosting composition
comtaing or capable of delivering tho same antigen as administered by the priming

10 composittion. As used heren, the term “bovsting composition” imchudes, as one
embodiment, a composition containing the same antigen as in the priming composition of
precursor thereof, bot in a diffevent form, 1n which the boosting composition induces an
i response in the bost. In one particular embodiment, the boosting composition

comprises 3 recombinant soluble protem,

L

in one embodiment, a boosting composition Is a replication-competent or
replication-defective recombinant virus containing the DNA sequence encoding the protoin
antigen. An example of a boosting composition is a bacterial recombinant vector
containing the DNA scquence encoding the antigen in operable association with regulatory
sequences directing expression of the antigen in tissues of the manunal. One example isa
A recombinant BCG vector, Other examples inchlude recombinant bactenal vectors based on
Salmonclla, Shigella, andd Listeria, among others, Still another exauple of a boosting
composition i a naked DNA sequence encoding the antigen i operable association with
regulatory sequences divecting expression of the antigen in tissaes of the mammal bot
contatrung no additional vector sequences. These vaccines can further contain
25 pharoaceutically suttable or physiologically acceptable carviers. i still additional
embodiments, the boosting compositions can nclode protens or peptides (intact and
denatured), heat-killed recombinant vaccines, inactivated whole microorganisms, antigen-
preseufing cells pulsed with the instant proteins or mfccted/transtocted with a nucleie acid
miriecule encoding same, and the bike, all with or without adjuvants, chemokines andfor
W eytokmes.
Representative forms of antigenic innnanegens inchude 8 “naked” DNA plasmid, 2
“naked” RNA molecule, a DNA meoelecule packaged mie a replicating or noweplicating

viral vector, an RNA molecule packaged into a replicating or nonvephicating viral vector, a

~ 64 -
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DNA molecule packaged into a bacterial vector, or proteinaceous forms of the antigen
alone or present in virus-like particles, or combinations thereofl
In one embodiment, impumogenic agents of inferest can be administered 10 subyjects,
In some embodiments, fusion proteins can be constructed and adnunistered which have
5 enhanced biological properties. In addition, the polypeptides can be modified according to
well-known pharsaceiogical methods in the art {e ., pegylation, glveosylation,
oligomerization, e/c.) in order to further enhance desirable biological activities, such as
ncreased innmunogenicity, ioavatlability, and/or decreased proteolytic degradation.
in one embadiment, “viras-hike particles™ or “VEPs™ can be used, whach are non-
10 infecticus particles in any host and do not contain all of fhe protein components of five
virus particles. In one embodiment, VLPs contain the polypeptides deseribed herein and
form membrane-enveloped viras-like particles. The advantages of using VLPs include (1)
their particalaie and roultivalent nature, which 15 snmunostinudatory, and {2} thair abadity to

present the disulfide-stabilized envelope glycoproteins in a near-native, menbrane-

L

associated form. VLPs are produced by co-expressing the vival protems (e.g., polypeptides
deseribed herein) in the same cell. This can be achieved by any of several means of
heterologons gone expression that are well-known to those skilfed in the art, such as
transfection of appropriate expression vector(s} encoding the viral proteins, infection of
cells with one or more recombinant virases {e.g., vaceinia) that encode the VLP proteins, or
A retroviral transduction of the cells. A combination of such approaches can also be used.
The VLPs can be produced cither in vitre ot i vive, VLPs can be produced 1o purified
form by methods that are well-known to the skalled artisan, including contrifugation, as on
sucrose or other fayering substance, and by chromatography.
For embodiments using instant muckeic getd delivery, any means for the introduction
25 of a polynucieotide into a subject, such as a lnuman or non-human mamnal, or cells thereof
can be adapted to the practice of this invention for the delivery of the various constructs of
the mvention into the intended recipient. In one embodiment of the invention, the DNA
constructs e dehivered to celis by transfection, fe., by delivery of "naked” DNA ormn a
complex with a colloedal dispersion system. A colloidal system includes macromelecule
W complexes, nanocapsules, ouicrospheres, beads, and lipid-based svstems inchuding oil-in-
water ennslstons, micelles, mixed micelles, and liposomes. The preforred colloidal system
of thus invention is a pid-complexed or iposome-formulated DNA. In the former

approach, prior to formulation of DNA| ez, with Hpid, a plasmid containing a transgene
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bearing the desired DNA constructs can first be experimentally optimized for expression
{e.g., mnclusion of an intron i the 5" untranstated region and ehmmation of unnecessary
sequences (Felgner, e af , Ann NY Acad Scit 126-139, 1995). Formulation of DNA, eg.
with various hipid or hiposome materials, can then be effected using known methods and
5 materials and delivered to the recipient mammal. See, ez, Canonico of of. | Am J Respir
Cell Mol Biol 16:24-29, 1994; Tsan ef &f, Am I Physiod 268; Alton @f af., Nat Genet.
F135-142, 1993; and ULS. patent No. 5,679,647 by Carson er al.
The targeting of hposomes can be classified based on anatorical and mechamistic
factors, Anatomueal classification 18 based on the fevel of selectivity, for example, organ-
10 speetfic, cell-specific, ad organclle-specific. Mechamstic targeting can be distinguished
based upon whether it is passive or active, Passive targeting utilizes the nataral tendency of
hiposomes to distribate to cells of the reticalo-endothelial system (RES} in organs, which
contain sinasoidal captilarics. Active targeting, on the other hand, wvolves alteration of the

liposome by coupling the hiposome to a specific ligand such as a monoclonal antibody,

L

sugar, glycolipid, or protem, or by changing the composition or size of the hiposome in

order to achiove targeting to organs and cell types other than the natarally ocawrring sites of

localization.

The surface of the targeted delivery system can be modificd m a vartety of ways. In
the case of a hposomal targeted debivery system, lipid groaps can be incorporated into the
A hipid bilaver of the hposome in order to maintain the tavgeting higand in stable association
with the liposomal bifayer, Various boking groups can be used for jobuag the lipid chains
to the targeting Hgand, Naked DNA or DNA associated with a delivery vehicle, e g,
liposomes, can be adnunistered to several sites in a sabject (see below).

Nuclete acids can be delivered i any desired vector, These inchude viral or non-

35 wiral voctors, mchuding adenovirus vectors, adeno-associated virus vectors, mtrovirus
vectors, fentivirus vectors, and plasmid vectors. Exeraplary types of viruses inclade HSV
{herpes sumplex virus), AAV (adeno associated viras), HIV (human mununodeficiency
virus), BIV {(bovine mununodeficiency vivas), and MLV (owrnine leukenua vires), Nugcleie
acids can be adnunistered 1o any desired format that provides sufficiently efficient delivery

W levels, nelading 1n virns particles, in Hiposomes, in nanoparticles, and complexed to

polyrers,

The nucleic acids encoding a protem or nucleic acid of interest can be i a plasaud

or viral vector, or other vector as 1s known in the et Such vectors are well known and any
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can be selected for a parveular application.  In one embodiment of the invention, the gene
delivery vehicle comprises a promoter and a demethylase coding sequence. Preferred
promoters are tissuc-specific promoters and promoters which are activated by celtular
proliferation, such as the thypudine kinase and thymidylate synthase promoters. Other
preferred promoters inchude promoters which are activatable by infection with a virus, such
as the a- and B-interferon promoters, and promwoters which are activatable by a hormone,
such as estrogen. Other promoters which can be used nclude the Moloney virus LTR, the
CMY promoter, and the mouse albunun promoter. A promoter can be constitutive or
mnducible.

It another ebodiment, naked polynacieotide molecules are used as gene delivery
vehicles, as desceribed in WO 90/11092 and US. Patent 5,580,839, Such gene delivery
vehicles can be either growth factor DNA or RNA and, in cortain embodiments, are linked
o kifled adenovivus, Guosel er o, Hum Gene. Ther, 3:147-154, 1992, Gther volucles
which can optionatly be used include DNA-ligand (Wu et ¢, J. Biol. Chem,

204 TOYURA-10U87T, 1989, hipid-DNA combinations {Felgner ef ol | Proc. Natl, Acad. Sci.
USA B4.7413 7417, 1989, liposomes (Wang e ol Proc. Natl, Acad. Sci. 84:7851-T7855,
1987} and microprojectiles (Wiliams ef af, Proc. Natl, Acad. Sci. 88:2726-2734, 1991}

A gene delivery vehicle can optionally comprise viral sequences, sach as a viral
origin of replication or packaging signal. These viral sequences can be selected from
vivuses such as astroviras, coronavirgs, orthomyxovirus, papovavivus, paramyxovinus,
paRrvovirus, pICOTRAVIIUS, poXVITus, refrovirus, togavirus of adenovings, fo a preferred
entbodiment, the growth factor gene delivery vehicle is a recombinant retrovival vector.
Recombinant retroviruses and various uses thereot have been described n numerons
references including, for example, Mann er ., Cell 33:153, 1983, Cane and Mulligan,
Proc. Nat'l, Acad. Sci. LISA 81:0349, 1984, Miller & of., Human Gene Therapy 1:5-14,
1990, 1S, Patent Nos, 4,405,712, 4,861,719, and 4,980 289, and PCT Application Nos,
WO RGG2 468, WO 89/05 349 and WO 90702 806, Numerous refroviral gene delivery
vehicles can he utilized i the present invenfion, including for example those described in
EP 0415731 WO G/07936; WO 94/03622;, WO 93725698, WO 93/25234; U.S. Patent
No. §219.740; WO 9311230, WO 9310218; Vile and Hart, Cancer Res. 53:3860-3864,
1993: Vile and Hart, Cancer Res. 33:962-067_ 1993 Ram er af., Cancer Res. 5S3:83-8¥,

1993; Takamiva ef af., J, Newrosel Res. 33:493-303, 1992, Baba er of, J. Newrosuwrg.
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T9:729-735, 1993 (US. Patent No. 4.777.127. GB 2,200 651 EP (1,345 242 and
WORTANROS).

Other viral vector systems that can be wsed to deliver a polymicieotide of the
mvention have been derived from herpes virus, e.g., Herpes Simplex Virus (ULS. Patent No.
5,631,236 by Woo et al., issued Can 26, 1997 and WO 00/08191 by Newovey), vacoinia
virus (Ridgeway (1988} Ridpeway, “Mammalian expression vectors,” In: Rodriguez R L,
Denhardt DT, ed. Vectors: A survey of molecular cloning vectors and their uses.
Stoncham Butterworth,; Baschwal and Sugden (1986} “Vectors for gene transfer derived
from wimal DNA viruses: Transient and stable expression of trasforred genes,” I
Kucherlapati R, od. Gone transfer. New York: Plenum Press: Coupar e af. (1988} Gene,
68:1-10}, and several RNA viruses. Preferred viruses include an alphavirus, a poxviras, an
arena virus, a vaccinia virgs, a polio virus, and the like. They offer several atiractive
features firr various manunalian cells (Fricdmann (1989} Science, 244:1275-1281;
Ridgeway, 1988, supra; Baichwal and Sugden, 1986, supra; Coupar or o, 1988; Horwich ef
al (19903 I Virol, 64:642-650).

Imommogens can be admaustered together with an adjuvant or other
innmanostiondant. Thas, the imwnenogens can further comprise one or more adiuvants or
immanostinnidating agents, which are preferably added to the fusion protetn immunogens
using for boosting the inumune response. An adjuvant is any substance that can be added to
an imnunogen ov to a vaceine formudation to enhance the immuone-stimulating properties of
the immaenogenic moigty, such as a protein or polypeptide.  Liposomes are also congidered
to be adjuvants. See, for example, Gregoriades, G. ef of., hnpumological Adjuvants and
Vaceines, Plemen Press, New York, 1989; Michalek, S. M. er ¢, Liposomes as Oral
Adyuvants, Carr. Top. Microbiol. Townunod, 146:31-58 (198%). Examples of adpovants or
agents that can add to the effectiveness of immunogens include alupumas hydroxide,
alununam phosphate, alumimen potassiom sulfate (ahan), beryitium sulfate, sitica, kaolin,
carbon, water-in-oil enndsions, and otban~water emulsions. Other adjuvants are muramyl
dipeptide {MDP) and various MDP derivatives and formuiations, e.g., N-acetyl-D-
glucosanmunyi-(f3, 1-4)-N-acetvlmaamyl-L-alanyl-D-isoglutami-ne (OMDP) (Hormung, R L
¢f wl., Ther Imprunol 1993 2:7-14) or 1ISAF-1 (5% squalene, 2.58% ploronic L121, 0.2%
Tween 80 in phosphate-buffered solution with 0.4 mg of threonyi-moaramyt dipeptide; see
Kwak, L Wedal  (1992) N, Engl. 1. Med,, 327; 1209-1238) and monophosphory lipid A

adjavant solubilized in 0.02% tricthanolanine. Other usefud adjwvants ave, or ave based on,
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bacterial endotoxin, Hmd X, whole organisms or sabeellalar fractions of the bacteria

Propiovobacteriupt aones or Bordetella pernussis, pobvribomucicotides, sodian alginate,

lanolin, fysolecithin, vitamin A, saponin and saponin derivatives such as Q821 {White, A
Coeral {1991) Adv. Exp. Med. Biol,, 303:207-210) which is now in use in the clinie
{Helling, F 7 af (1993) Cancer Res., 35:2783-2788; Davis, T A ¢ ol {1997) Blood, 9k
09 A {abstr.)), levanmsole, DEAE-dextran, blocked copolvmers or other synthetic
adjpvants. Examples of conunercially available adjuvants melude (a) Amphigen®:, winch
15 an otl-m-water adjuvant made of de-oiled lecithin dissolved m o1l (see for exanple, US.
Pat. No. 3,084,269 and US Pat Publication 20030038667A1 and (b Athydrogel®®, which is
an abentnum hydroxide gel. Aluminem is approved for hwnanwse. Adjuvans are
avatlable commercially from various sources, for example, Merck Adjuvant 63& (Merck
and Company, Inc., Rahway, N1} The inwnunogenic material can be adsorbed to or
conjugated to heads sach as Iatex or gold beads, ISCOMSs, and the like. There is evidence
that traditional formulations, such as Freund's adjuvant {both complete and mcomplete) and
Alum gel at least partially denature antigen resuliing in the destruction or under-
representation of conformational epitopes. The Ribi adjavant system (RAS), which belongs
to the monophosphoryi-lipid A (MPL) containing-adjavants, can be ased to overcome this
problem. Results from several studies mdicate that antigen formulated using MPL-
contmining adjuvants elicited antibodies that preferentially bound native rather than
denatured antigen (Farl, P L. er ol | J Virol 6R:3013-3026 (1994); VanCou T. {., ¢t al | L.
Vicol TH4319-4330 {1997)).

honwmogens can also be supplomented with an imunostimulatory eytokine,
iymphokine or chemokine. Exemplary oytokines include, without timitation, GM-CSF
{granuiocyie-macrophage colony stimdating factor), buerfadan 1, tterfeukin 2,
inferteukin 12, interlenkin 18 or mterferon-gapuma.

General wethods fo prepare immunogenic pharmaceatical compositions and
vaccines are well known in the art {see, for example, Rennngton's Pharmaceutical Science;
Mack Pubfishing Company Easton, Pa.).

In one aspect, the prosent invention provides bonwnogens that can be used tooraise
anti-Gall nevtralizing agents (e.g., antibodies and aptamers) by methods known to those of
ordinary skill in the art. The antibodies raised can then be administered o a subject having
a Gall-mediated disorder or to provent a Gall-mediated disorder, n one embodiment

involving hybridoma production, samples can be screened by a munber of techniques to
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chavactenize binding fo immunogens described berein. One approach mvolves ELISA
binding fo the inventive innnonogens. Aninals with sera samples which test positive for
hinding to one or more mununogens are candidates for use in MAD production. The criteria
for selection of animals to be used m MAD production is based on the evidence of

5 neutralizing antthody i the animals’ sera or, in the absence of neuwtralization, appropriate
binding patferns agamst the desired invmunogens.

Hybridoma supernatants derived from MAD production can be screened for ELISA,
lysate and surface mmunoprecipiiation assays for binding to the desired immunogen.
Samples which are positive in any of the binding assays can be sereened to confivm their

10 ability to neotralize Gall activity as described above, For any assay described herein,
results from test agents can be compared against Gtration or positive controls {e.g., known

broadly neutralizing antibodies) for normalization purposes.

¢ Therapeutic methods

s

in one aspect, the prosent invention provides a method of preventing a subject from
becoming afflicted with a Gall-mediated disorder comprising administering to the subject a
prophylactically effective amount of & Gall neutralizing agent described herein to thereby
provent the subject from becoming afflicted with the Gall-mediated disorder.
In another aspect, the present mvention provides a method for reducing the
A bkelithood of a sabject’'s becoming infected with a Gall-mediated disorder comprising
admirmstering o the subjeet a prophylactically effective simownt of 3 Gall neutralizing
agent desenibed heren o thereby reducing the likelihood of the sabjeet’s becoming affhieted
with the Gall-mediated disorder.
In still another aspect, the present invention provides a method for proventing or
35 delaving the onset of, or slowing the rate of progression of, a Gall-mediated disorder in a
subject, comprising admimstering to the subject a therapeutically effective amount of a
Gall neotrabizing agent described herein to thereby prevent or delay the onset of, or
slowing the rate of progression of, the Gatl-mediated disorder i the subject.
Thus, in some crabodiments, the tanmunogens described herain can be used
W inwmunize a subject such that unwanted Gall activity will be reduced m the subject. In
other cmbodimonts, the mmunogens described heroin can be emploved o impmize a

subject not atthicted with a Gall-mediated disorder.
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it will be appreciated that mdividual dosages can be varied depending upon the
requirements of the subject i the jadgment of the attending clinician, the severity of the
condition being treated and the particular compownd being cmploved. I determining the
therapeutically effective amount or dose, a number of additional factors can be considered
by the attending chnician, inchuding, but not Himited to: the pharmacodynamic
characteristics of the particular agent and its mode and roote of adnunistration; the desired
time course of treatment; the species of mammal; its size, age, and general health; the
specific disease mnvolved; the degree of or involvement or the severity of the discase; the
response of the individual subject; the particular compound administered; the mode of
adeunistranion; the bioavalability characteristios of the preparation adnmunistered; the dose
regimen selected; the kind of concumrent treatment; and other relevant circumstances.

The therapeutic dose can be at least ahout 0.01 wg'ke body weight, at least about
0.05 ug'kg body welght; af Teast about 9.1 gg'ke body weight, at least abot 0.3 pgihe body
weight, at least about | padky body weight, at feast about 2.5 pe/ky body weight, at least
about § pa'ky body weight, and not more than about 100 padkg body weight. It will be
wunderstood by one of skill in the art that such guidelines will be adjusted for the molecular
wiight of the active agent, ez i the use of antibody fragments, or in the use of antibody
conjugates. The dosage may also be varied for localized administration, e.g. miranasal,
mhalation, ete., or for systemic admimstration, e.g b, Lp,, bv., and the ke, Treatment
can be initiated with smaller dosages which are less than the effective dose of the
compowad. Thereatlorn, in one cmbodiment, the dosage should be moreased by small
merements until the optimum effeet under the circumstances s reached. For conventence,
the total daily dosage can be divided and admirastered in portions during the day if desired.

The duration and/or dose of treatment with antiviral therapics can vary according to
the particular agent or combination thereof. An appropriate treatment tine for a particular
antiviral thevapeutic agent will be appreciated by the skilled artisan. The invention
contermnplates the continued assessment of optimal weatment schedeles for cach antiviral
therapeutic agent, where the phenotype of the Gall-mediated disorder of the subject as
determined by the methods of the mvention 15 a facior in detormining optumal freatinent
doses and schedules.

The compositions described hevein can be admimstered by any suitable means,
including parenteral, subcutancous, intraperitoneal, inttapulmonary, and intranasal.

Parventeral infusions include ntramascular, intravenous, intraarterial, intraperitoneal, or

o
e
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subcatancous adounistraton. In addition, the compositions can be suitably administered by
pulse nfusion, partcularly with dechining doses of the antibody.

In general, 1 is preferable to obtain a first sample from the subject prior to
beginming therapy and one or more samples during treatment. In such a use, a baseline of
expression of cells from subjects with a Gall-mediated disorder prior to therapy s
determined and thes changes i the baseline state of expression of cells from subjects with
the Gali-mediated disorder is monitored duving the course of therapy. Alieratively, two or
more successive samples obtamed during treatment can be used without the need of a pre-
treatment baselinge sample. In such a use, the first sample obtaingd from the subject s used
as a baseline for determinng whether the expression of cells from sabjects with a Gall-
mediated disorder is mereasing or decreasing.

It may further be advantageous to adnunister the immenogenic compositions
disclosed herein with other agents, sach as proteins, peptides, antibodics, and other anti-
(Gall agents. For example, therapeutic synergies are belicved to become manifested when
treating a cell expressing Gall and another immunomhibitory molecule, such as PD-1, PD-
L1, PD-L2, LAG-3, TIM-1, CTLA-4, VISTA, B7-H2, B7-H3, B7-H4, BT-H6, 2B4, 1COS,
HVEM, CD160, gpdoB, PIR-B, KIR family recoptors, TIM-1, TiM-4, BTLA, SIRPalpha
(CH4T), CD4R, 28B4 (CD244), B7. 1, B7.2, ILT-2 ILT-4, TIGIT, A2aR, and combinations
thereof. In certain embodiments, the immunonogenic compositions are adnunistered
sequentially with other therapewtic agents, such as before or after the other agent. One of
ordinary skifl in the art would know that sequential administration can rovan immediately
following or after an appropriate period of time, such as hows days, weeks, months, or even
vears later.

In certain embodiments, the reatment s of @ mammal, such as a haman,

In another aspect, the present mvention provides pharmaceutically acceptable
compositions which comprise a therapeuticaliy-cffective amount of & composition
described herein, fornudated together with one or more pharmacestically acceptable
carriers {additives) and/or diluents and with or without additional ativival agents andfor
wanunogens. As described in detadl below, the pharmaceutical compositions of the present
mvention can be specially formudated for administration in solid or lquid form, meloading
those adapted for the following: {1} oral administration, for example, drenches (aqueons or
noi-agquecus sefutions or suspensions}, tablets, boluses, powders, granules, pastes; (2)

parenteral administration, for example, by subcutaneous, intramuscular or intravenous

e}
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mijection as, for example, a sterile solution or suspension; (3) topical apphication, for
example, as a cremm, ointment or spray applied to the skin; (4) intravaginally or
wfrarectally, for example, as a pessary, cream or foam; or {5} acrosol, for example, as an
aqueous acrosol, liposomal preparation or solid particles contasning the compound.

3 The phrase “pharmaceutically acceptable™ is employed herein o refor o those
agents, materials, compositions, and/or dosage forms which are, within the scope of sound
medical judgment, suttable for use in contact with the tissues of human beings and antmals
without excessive toxicily, Umiation, allergic response, or other problem or complication,
commensurate with a reasonable bepefivrisk ratio.

i The phrase “pharmaceatically-acceplable carmer” as used herein means a

pharmaceuticatly-acceptable material, composition or velucle, such as a hiquid or solid

filler, difaent, excipient, solvent or encapsulating matenial, involved in cavrying or
fransporting the subject chemical from one organ, or portion of the body, to another organ,
ot portion of the bodv. Each carrier must be “acceptable”™ i the sense of being compatible

o
..

with the other ingredients of the formulation and not injurious 1o the subject. Some

L

examples of materials which can serve as pharmaceatically-acceptable carriers mchude: (1)
sagars, such as lactose, glucose and sucrose; {2} starches, such as corn starch and potato
starch; €3} celhidose, and its derivatives, such as sodnam carboxyimethyl celhilose, ethyl
cellulose and cellulose acetate; (4) powdered tragacanth; (3) nalt; (6) gelatin; (7} tale) (8)
A excipients, such as cocoa batter and suppository waxes; (93 oils, such as peanat o1l
cottonsced oil, safflower i, sesamc oil, olive ik, com oif and sovbean oil; (10} glycols,
such as propylene glyeol: {11} paiyolsﬁ such as phycerin, sovbitol, mannitol and
polyethyviene glycol; (12) esters, such as ethy! oleate and ethyvi kuwate; (13) agar; (14)
husffering agents, such as magnestum hvdroxide and alewunum hvdroxide; {153 alpinic acid;
35 {16) pyrogen-free water; {17} isotomie saline; (18) Ringer's solution: {19) ethyl alcobol; (20)
phosphate buffer solutions; and (21} other non-toxic compatible substances employed in
pharmacewtical formusdations.
The term “pharmaceuticatty-aceeptable salts™ refers to the relatively non-toxic,
morganic and organic acid addition salts of the agents that medulates {e.g., noutralizes)
W Gall expression andfor activity, or expression andfor activity of the complex encompassed
bv the invention. Those salts can be prepared 0 sitw during the final isolation and
purification of the agends, or by separately reacting a purified agent i its free base form

with a suitable organic or norganic acid, and isolating the salt thus formed. Representative
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salts include the hyvdrobromide, hydrochloride, sulfate, bisulfate, phosphate, wmivate, acetate,
valerate, oleate, palmitate, stearate, {aurate, benzoate, lactate, phosphate, tosviate, citrate,
maleate, fumarate, succinate, tartrate, napthylate, mesylate, glucoheptonate, lactobionate,
and laurvisulphonate salts and the ke (See, for example, Berge e al (1977)
“Pharmaceatical Salts™, L Pharm. Sci. 66:1-19),

in other cases, the agents usefid in the methods of the present brvention can contain
one or more acidic functional groups and, thus, are capable of forming pharmaceuntically-
acceptable salts with pharmaceutically-acceptable bases. The term “pharmaceutically-
acceptable salts” in these nstances refers (o the relatively non-taxic, norganic and organic
base addition salts of agents that modulates {e.g., neutralizes) Gall expression andior
activity, or expression andfor activity of the complex. These salts can likewise be prepared
i situ during the final isolation and porification of the agents, or by separately reacting the
purificd agent in its free acid form with a suitable base, such as the hydroxide, earbonate or
bicarhonate of a pharmaceutically-acceptable metal catiom, with smmonia, or with g
pharmaceutically-acceptable organic primary, sccondary or tertiary anune, Representative
alkali or alkaline carth salts inchede the lithium, sodiwn, potassim, calohan, magnesium,
and ahnminem salts and the like. Representative organic anines usefud for the formation of
base addition salts nclude ethylamine, dicthylamine, ethvlenediamine, ethanolamine,
dicthanolamine, piperazine and the like (see, for example, Berge ef ol supra).

Wetting agents, ennsdsifiers and hubricants, such as sodians laery! sulfate and
magnesium stcarate, as well as coloring agends, release agents, coating agents, sweetening,
flavoring and perfuming agents, preservatives and antioxidants can also be present in the
COMPOSHRONS.

Examples of pharmaceetically-accepiable antioxidants inchude: {1} water soluble
anfioxidants, such as ascorbic acid, cysteine hydrochloride, sodiun bisulfate, sodium
metabisulfite, sodium sulfite and the hke: (2) oil-soloeble antioxadants, such as ascorbyl
palnutate, butviated hyvdroxyanisole (BHA), butvlated hydroxytolaene (BHT), fecithin,
propyl galiate, alpha-tocopherol, and the hike; and (3) metal chelating agents, such as atric
acid, cthvlenedianine tetraacetic acid (EDTA}, sorbitel, tartaric acid, phosphore acid, and
the hike.

Formulations useful in the methods of the present invention include those suitable
tor oral, nasal, topical (including buceal and sublingual), rectal, vaginal, acrosol andior

parenteral admimistration. The formulations can conveniently be presented i vt dosage
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form and can be prepared by any methods well known in the art of pharmacy. The amount
of active ingredient which can be combined with a carvier nuaterial to produce a single
dosage form will vary depending upon the host being treated, the particudar mode of
adnunistration.  The amount of active ingredient, which can be combined with a carner

5 material o produce a single dosage form will generally be that amount of the compound
which prodeces a therapeutic effect. Generally, out of one hundred per cent, this amount
will range from about 1 per cent to about minety-nine percent of active ingredient,
preferably from about 3 per cent to about 70 per cent, most preferably from about 10 per
cent to about 30 per cent.

i Methods of preparing these formalations or compositions include the step of

bringing into association an agent that modulates {e.g., neutralizes) Gall expression andfor

activity, with the carrier and, optionally, one or more accessory mgredients. In general, the

formulations are prepared by wmiformdy and métmately bringing info association an agent

with hiquid carriers, or finely divided solid carriers, or both, and then, i necessary, shaping

L

the product.

Formulations suitable for oral administration can be in the form of capsules, cachets,
pitls, tablets, lozenges (using a favored basis, asaally sucrose and acacia or iragacanth},
powders, granoles, or as a solution or a suspension i an aguecus of non~aqueous hiquid. or
as an oif~in-water or water-in-oil iquid enndsion, or as an elixar or syrup, or as pasuiles
A {using anmert base, such as gelatin and glycerin, or suerose and acaciay andior as mouth
washes amd the like, cach contatming a predetermined amount of an agest &8s an aclive
mpredient. A compound can also be administered as a bolus, electuary or paste.

in sobid dosage forms for oral administration (capsules, tablets, pills, dragees,
powders, graneles and the like), the active mgredient is mixed with one or more
25 pharmaceutically-acceptable camriers, such as sodium citrate or dicaleium phosphate, andfor

any of the following: (1) fillers or extenders, such as starches, hactose, sucrose, glocose,

mannitol, andfor sthicie acid; {2) binders, sach as, for example, carboxymethyviceliolose,

algmnates, gelatin, podyvinyl pyrrolidone, sucrose andior acacia; {3) lnnnectants, such as

glveerel; (4) distnfegrating agents, such as agar-agar, caloium carbonate, potato or tapioca
W starch, alginie acid, certain silicates, and sodhum carbonate; {5) solution retarding agents,
such as paratfing {63 absorption accelerators, such as quatornary anmymonium compownds; (7)
welting agenis, such as, for example, scotyl aleohol and glvcorol monostcarate; (8}

absorbents, such as kaolin and bentonite clay; (93 lubricants, such a tale, calcium stearate,

~3
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magnesium stearate, solid polvethvlene glveols, sodiom laury! sulfate, and mixtures
thercof: and (10) coloring agents. In the case of capsudes, tablets and pills, the
pharmaceutical compositions can also comprise buffering agents. Solid compositions of a
sumilar type can also be employed as fillers m soft and hard-filled gelatin capsules using

5 such exciptents as lactose or mitk sugars, as well as high molecular weight polvethylene
glveols and the like.

A tablet can be made by compression or molding, optionally with one o more
accessory ingredients. Compressed tablets cim be prepaved using binder (for example,
gelatin or hydroxypropyvlmethyd cellulose), hebricant, inert dilaent, proservative,

10 disintegrant {for example, sodiwm starch glyeolate or cross-linked sodium carboxymethyl
cellulose), surface-active or dispersing agent. Molded tablets can be made by moldmg ina
suitable machine a nuxnre of the powdered peptide or peptidomimetic moistened with an
meri hguetd dilueat.

Tablets, and other solid dosage forms, such as dragees, capsules, pils and granules,

L

can optionally be scored or prepared with coatings and shells, such as enteric coatings and
other coatings well known in the phammaceatical-formudating art. They can alse be
formulated so as to provide slow or controlied release of the active ingredient therein using,
for example, bydrooovpropyvimethyl celhilose i varving proportions to provide the desired
refease profife; other polymer matriees, Hposomes andfor microspheres. They can be
A sterilized by, for example, filtration throagh a bacteria~retaining filter, ov by incorporating
sterilizing agends in the form of sterile solid conpositions, which can be dissolved in sterile
water, or some other sterile injectable medium immediately before use. These conpositions
can also optonally contwn opacifiing agents and can be of a composition that they release
the active ingredient{s) ondy, or prefercatially, i a certam portion of the gastrotntestinal
25 wact, optionally, in a delayved manner. Examples of embedding compositions, which can be
used inchede polymeric sabstances and waxes. The active ingredient can also be in micro-
encapsulated form, if appropriate, with one or more of the above-deseribed excipients.
Ligquid dosage forms for oral adnunistration inchude pharmaceutically acceptable
emulsions, microconilsions, solutions, suspensions, syrups and olixirs. In addition to the
W active ingredient, the bquid dosage forms can contain inert diluents conmmondy used in the
att, such as, for example, water or other solvents, solabilizing agents and comedsifiors, such
as ethyl alcohol, isopropyl alcobol, ethyl carbonate, cthyl acetate, benzyl alcohol, benayl

benzoate, propylene glyeol, 1 3-butylene glyeol, oils (n particular, cottonseed, groundnut,
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com, germ, olive, castor and sesame ois), glveerol, tetrshvdrofuryt aleohol, polvethylone
glycols and fatty acid esters of sorbuan, and mixtores thereof.
Besides mert dituents, the oral compositions can also inclade adjuvants such as
wething agents, emulsifying and suspending agents, sweeteming, flavoring, coloring,
5§ perfunung and preservative agents,

Suspensions, n addition to the active agent can contan suspending agends as, for
example, ethoxylated sostearyl alcohols, polyoxvethvlene sorbitol and sorbitan esters,
microcrystalline cellulose, aluninum metahydroxide, bentonte, agar-agar and tragacanth,
and mixtwes thereof.

io Formulations for rectal or vaginal administeation can be presented as a suppostory,
which can be prepared by puxing one or more agents with one or more suttable
nomirritating excipients or carriers comprising, for example, cocoa batter, polvethyviene

glveol, a suppository wax or a salicylate, and which s solid at roos teaperature, but iquad

=Y

at hody temperature and, therefore, will melt i the rectum or vaginal cavity and release the

L

active agent.

Formulations which are suttable for vaginal administration also inchude pessaries,
tampons, creams, gels, pastes, foams or spray formulations containing such carriers as are
known in the art to be appropriate.

Dosage forms for the topical or transdermal adnunistration of an agent that
Ay modulates {e.g, newtralizes) Gall expression andior activity inchude powders, spravs,
obtients, pasics, creanss, fottons, gels, sohutions, patehes and inhalants. The active
component can be mixed under sterife conditions with a pharmaceuticalby-acceptable
cavrier, and with any preservatives, buffers, or propellants whach can be requived.

The otntaients, pasies, creams and gels can contain, tn addition (o an agent,

35 excipients, such as animal and vegetable fats, otls, waxes, paraffing, starch, tragacanth,

glyveols, silicones, bentomies, sibicie acid, tale and zine

Lochgt)

cellulose derivanves, polyethylenc
oxide, or mixtures thereof.
Powders and sprays can contain, m addiion to an agent that modulates (e g,
neutralizes) Gall expression and/ov activity, excipients such as actose, tale, silicic acid,
W0 alummum hydroxide, calerum silicates and polyamide powder, or nuxtures of these
sabstances. Sprays can additionally contain customary propeliants, such as
chiboreflugrolsrdrocarbons and volatile unsubstibgted bydrocarbons, such as butane and

propane.

~d
i



WO 2015/013389 PCT/US2014/047784

it

L

21

30

The agent that modalates (e.g., neatvabizesy Gall expression andfor activity, can be
alternatively administered by acrosol. This is accomplished by preparing an agueous
acrosol, hposomal preparation or solid particles containing the compound. A nonagucous
{e.g, fluorocarbon propeliant) suspension could be used. Sonic nebulizers are preferred
hecause they minintze exposing the agent to shear, which can result in degradation of the
compaoud.

Ordinartly, an aqueous aerosol s made by fornmulating an aqueous solution or
suspension of the agent together with conventional pharmaceuticaly acceptable carviers and
stabilizers. The carriers and stabilizers vary with the requiremonts of the pamicudar
compound, bt typically include nomonic swrisctants {Tweens, Pluronics, or polvethylene
glycol}, innocuous proteins hike senum albunun, sorbitan esters, oleic acid, lecithin, anuno
acids such as glveine, buffers, salts, sugars or sugar aleobols. Aerosols generally are
prepared from isotonie sclutions.

Transdermal patches have the added advantage of providing controlled delivery of
an agent o the body. Such dosage forms can be made by dissolving or dispersing the agent
i the proper mediim.  Absorption enhancers can also be used to increase the flux of the
peptidomimetic across the skin. The rate of such fhux can be controlled by either providing
a vate controlling membrane or dispersing the peptidomimetic in a polymer matrix or gel

Ophthabmic fornndations, eye oiatments, powders, solutions and the bike, are also
conternplated as heing within the seope of this invention,

Pharmaceutical compositions of this invention suitable for parentoral administration
comprise one or more agents in combination with one or more pharmaceuticalty-acceptable
sterife isotonic agueoss or nonagueous solutions, dispersions, suspensions or emulsions, or
stertfe powders which can be reconstiteted mto stertle byjectable solutions or dispersions
just prior to use, which can contain antioxidants, buffers, bacteriostats, solufes which render
the formudation fsotonic with the blood of the mtended recipient or suspending or
thickening agents.

Examples of suitable aqueous and nenaguecus carriers which can be employed i
the pharmaceutical compositions of the invendion include water, ethanol, polvols {such as
glveerol, propylene glveol, polvethylene glveol, and the Tike), and suitable mixures thereof,
vegetabde oils, such as olive oil, and injectable organic csters, sach as cthyl oleate. Proper

flutdity can be maintained, for example, by the use of coating materials, such as lecithin, by

]
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the maintenance of the required particle size in the case of dispersions, and by the use of
surfactants.

These compositions can also contain adjovants such as preservatives, wetting
agents, emulsifying agents and dispersing agents. Prevention of the action of
nucroorgantsms can be ensared by the mclusion of various antibacterial and antifongal
agents, for example, paraben, chlorohutanol, phenol sorhic acid, and the fike, 1t can also be
destrable to inchude 1sotonic agents, such as sugars, sodim chlonde, and the bike into the
compositions. In addition, prolonged absorption of the jectable pharmaceutical form can
be brought about by the inclusion of agonts which delay absorption such as alumimaen
monostearate and gelatin,

In some cases, i order to profong the effect of a drug, 1tis desivable to slow the
absorption of the drag from subcataneous or itramoscuiar injection. This can be
accomplished by the use of a hquid suspension of erystalline or amorphous matenial having
poot water solubtlity. The rate of absorption of the drug then depends upon us rate of
dissolution, wihich, m turn, can depend upon crystal size and crystalime form.
Alternatively, delayved absorption of a parenteraliy-adounistered drug form is accomplished
by dissolving or suspending the drag In an off vehicle,

Injectable depot forms are made by formung nucroencapsule matrices of an agent
that modulates {e.g., neutralizes) Gall expression andfor activity, m hiodegradable
polymers sach as polvlactide-polyvglycolide. Depending on the ratio of drug to polymer,
ard the natare of the particudar polyiner enyployed, the rate of drag release can be
controtled. Examples of other bindegradable polymers include poly(orthoesters) and
poly{anhydrides). Depot injectable formulations are also prepared by entrapping the drug
i liposomes or muerocnusisions, which are compatible with body tissue,

Actual dosage levels of the active ingredients i the pharmaccutical compuositions of
this invention can be determined by the methods of the present invention so as to obtain an
amount of the active mgredient, which is effective to achieve the desired therapeutic
response for 3 particular subject, conmposition, and mode of adminastration, without being
toxic to the subjeet.

Nucleie acid molecules deseribed herein can be inserted mto vectors and used as
gene therapy vectors, Gone therapy vectors can be delivered to a sabject by, for example,

&

infravenous ingeetion, local administration (see LS, Pat. No. 3,328, 470) or by stercotactic

Q
ijection (see ey, Chen er ol {1994} Proc. Nath Acad. Sci. LISA 91:3054 30573 The
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pharmaceutical prepavation of the gene therapy vector can include the gene therapy vector
i an acceptable diluent, ov can comprise a slow release matrix i which the gene delivery
vehicle 1s imbedded. Alternatively, where the complete gene delivery vector can be
produced mtact from recombinant cells, e.g., retroviral vectors, the pharmaceutical

preparation can clude one or more cells which prodace the gene delivery system,

VI Kits

in addition, the present mvention also encompasses kits comprising anti-Gall agents
deseribed herein. For example, the kit can comprise a neutralizing anti-Gall antibody with
or without additional therapeutic agents, such as an inwmawe checkpoint inhibitor. The
agent can be packaged in a suitable container. For exanple, the present invention provides
kits comprising at feast one immunogenic peptide andfor one antthody described herein.
Kits of the present invention can contain an imanmogenic peplide andfor antibody coupled
to a solid support, 2.2, 8 tissue culture plate or beads {e.g., sepharase beads).

A kit can include additional components to facilitate the particular appheation for
which the kit 1s designed. Exemplary agents that kits can contain include reagents
necessary for controls {e.g., control biological samples or Gall protein standards). A kit
may additionally inchude buffers and other reagents recopnized for use in a method of the
disclosed invention. Non-limiting examples inchude agents to reduce non-specific binding,
such as a carrier protein or a detergent. A kit of the present invention can also inclade
mstructional materials disclosing or describing the use of the kit or an amtibody of the
disclosed nvention in a method of the disclosed fnvention as provided herein,

This mvention is further illustrated by the following examples which showuld not be
constryed as fimiting. The contents of all references, patents and published patent
applications cited throughout this application, as well as the Figwres, are incorporated

herein by reference,

Examples

Example L Neuotralizing anti-Gall monoclonal antibodies useful for therapeutic

applications
Neutralizing anti-Gall monocional antibadics were generated and reacted with
human recombinant Gall and endogenous Gall m biochemical assays and in

immunohistochenucal analyses of privoary tumors. In addition, several of the Gall

- 80 -
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monoclonal antibodies also eross-reacted well with endogenous Gall from cvnomiologous
monkey and mouse (Figore 1), Epitope napping indicated that the 8BS, 8F4 and 8G3 Gall
monocional antibodies all recognized a domain distal to the previouslty described
carbohydrate-binding domam (Figure 2 and Table 1),

These antibodies {Fe., 8BS, KF4, and 8G3) were subsequently sequenced and
determined to each bave the same sequence, with the light chain being lambda. Briefly,
total RNA was extracted from each hybudoma and subjected to RT-PCR using constant
region specific 37 primers and pools of degenerate signal sequence specific §7 primers.
Amplificd products were cloned and sequenced. For the heavy chain, a total of 36 clones
were sequenced; and for the hght chain, a total of 19 clones were sequenced. Sequence
alignments vielded the same heavy and hight chain sequences for all clones across all three
antibodies. These sequences are presented in Table 1 below and analvsis of the sequences
obtained from the hybndomas s supwnanzed m Tablke 2 below. In addition, hybndoma cell
line ¥F4. FR.G7 was depostted with the American Type Culture Collection and was received
on December 17, 2009 in accordance with the provisions of the Budapest Treaty on the
International Recognition of the Deposit of Microorganisms for the Pugposes of Patent
Procedure ander deposit manber PTA-10335. ULS. Patl Publ, 201370011469 and PUT Pat

Publ. WO 20117060272 disclose the 8F4 antibody and are cach incorporated herein in their

entivety by ths reference.

mAbs Mapping Domain recognition
8B5.E6.2H3 GST-F5; GST-F8; GST-F7 Post-CBD

8B5.E6.HY GST-FS; GST-F8, GST-F7 Post-CBD

8F4,F8.G7 GST-F5, GST-F8; GST-F7 Post-CBD 23
BF4.FE.H2 GST-F5; GST-F§, GST-F7 Post-CBD
8G3.B1.G12 GST-F5: GST-F6; GST-F7 Post-CBD

8G3.81.H8 GST-F5; GST-F6; GST-F7 Post-CBD

2E6.2H12 GST-F3; GST-F8; GST-F7 CRDZ 30

~ %) -
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RR3, 884 and 803 imcludine 8F4FRGT . Licht Chain Vanable (oL DNA and Anuno Acid

Segucnees®

8BS, 8F4. and 803, including 8E4FSGT, Heavy Chain Vardable (vH) DNA Sequence®

GAGGTTCAGCTGCAGCAGTUTGTGOUAGAGTTTOTGAGGCCAGOGGCCTCAGT
CAGCTTCTCCTGCACAGCTTCTOGUTTCAACATTAAAAACACCTATATACACTG
GOTGAGGCAGAGGCCTGAACAGOGOUCTGGAGTGGATTGGAAAGATTGATCCTG
COAATGUTAATACTAAATATOTCCCOGAGTTCCAGGGOAAGGUCACTATCGACT
GUGOACACATCCTCCAACACAGTCTACCTGCACCTCAGCAGLCTGACATCTGAG
GACACTGCCATCTATTACTGTOTUCCGATOG TIACTACCOUTCUTATTTCOUTGTOTY
GGGGCACAGGCACCACGOTCACCGICTCCTCA

[BS, 8F4. and 8G3 including SPAFSGT, Lisht Chan Variable (vK) DNA Sequence®

CAGOCTGTTGTGACTCAGGAATCTGCACTCACCACATCACCTGGTGAAACAGTC
ACUACTCACTTOTCGCTCAAGCACTGOGGUTGTTACAACTAGTAACTATGCCAAC
TOGOCGTCCAAGAAAAACCAGATCATTITATTCACTGGTCTAATAGOGTGCTACCAAC

ZRY .
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AACCCAGCTCCAGGTOGTTCCTGUCAGATTCTCAGGCTCCCTGATTGGAGACAAG
GCTOGTCCTCACCATCACAGGGOCACAAACTCGAGOATOGAGGUAATATATITCTGT
GCTCTATCGUTACAGAAACCATHITATTTITCGGUAGTGGAACCAAGGTCACTGTC
CTC

$B5 8F4 and 8G3 includime 8F4FRGT. Heavy Chan Varable (vHD Amine Aaid

Seguence™

EVOQLOQQSVAEFVRPGASVRLSCTASGINIKNTYTHWVROQRPEQGLEWIGKIDPANG

NIKYVPEFQGKATMTADTSSNTVYLHLSSLTSEDTAIVYOVDGYYGWYFAVWET
1 GTTVTIVSS

BB 8P4 and 803 meludine SE4ERGT. Linht Chain Varable (0B Amino Acid

Segucnee™

QAVVTOESALTISPGETVTLTCRSSTGAVTTSNY ANWVQEKPDHLFTGLIGATNNR
15 APGVPARFSGSLIGDKAVLTITGAQTEDEAIVFCALWYRNHEIFGSGTRVTVL

* CDR definitions and protein sequence manbering according to Kabat, CDR nucleotide
and protein sequences are highlighted in red codor or underlining in order of CDRY, CDRZ,
and CDRA. respectively.

20
Table 2: Summary of sequences of anti-hursan Gall monoclonal antibodies
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Example 2:  Fine cpitope mapmne of neutralizine anti-Gall monoclonad antbodies useful

for therapeutic applicatons

The 8F4 mAb was determined to cross-react well with both heman Gall and mouse
Gall in Figure 1 and recognize a post-CBD domam of Gall i Table 2 were further
subjected to fine epitope mapping analvses. In addition to the seven GST-tagged human
Gall constracts shown in Figwee 2 and produced in £, ¢off, five additional 6x HiS-tagged
human Gall constructs spanning various portions of the human Gall polypeptide were
generated m F. cali for use in opitope mapping analyses (Fiygwre 2). Figure 2 further
demonsirates how the amine acids enconpassed by each GST-agged and HiS-tagged
constract maps with respect o the P-strands m the five-stranded B-sheets (F1-F3} and six-
stranded [-shests {S1-86a/56b) of the folded buman Gal-! polypeptide (Figwe 3). The
CGall-neutralizing 8F4 mAb was deternuned to recognize recombinant HIS-F7, HIS-F3, and
HIS-FO by Western blot analysis, whereas an anti-Gall, non-newralizing 8A12 maAb was
defermuned to recognize recombinant HIS-F7 and HIS-FS by Western blot analysis (Figwre
3). These results indicate that the 8F4 mAb binds Gall within amino acid residues 12~
115, whereas the RA12 mAbD binds Gall within amino acid residues 116-135 (Figure 5). In
addition, such fine epitope mapping data define a stractural basis for Gall nestralization
because the human Gall-neutralizing 8F4 mAb recogmize the -sheet FS to thereby
sterically interfere with and hinder the binding of human Gall to glycans (Figure 35, By
contrast, the non-neutralizing 8A 12 mAD binds to fi-sheets S2/F 1, which s spatially far

away from the carbohydrate binding domain.

Example 3. Bophvsical properties of neutralizing ant-Gall monoclonal antibodies

aschsl for therapeutic applications

Surface Plasmon Resonance (SPR) analyses {also called Biomolecular Interaction
Amnalysis, BlAcore} were also conducted in order 1o further define the hiophysical
propertios (2.4, Kon, Ko, kon'kon (Kp) of Gall's interaction with the 8F4 mAb. 5PR
experiments were performed at 2570 in the standard BlAcore nmning buffor HBS-EP ona
BiAcore 3000 Instrament (BlAcore). In brief, anti-mouse antibody was first captared on
the UM-S sensor chip (GE HealthCare). Afterwards, approximately 250 response units
{RUY of the 8F4 anti-Gall mAb were immobitized {with exception of ~ 350 RU for rmGall
assay) and followed by various dihitions of recombinant galectin (lnaman galeun-1, 2, 3, 4,

7. 8, 9 or pnurine galectin-1 {mGall), from R&D Systems) to assess the binding of galectin

-84 -
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to WF4 Al data are shown after subtraction from a channel loaded with buffer alone. Data
analysis to obtain the binding carves shown and equilibrium dissociation constant (KDY was
performed using BlAcvaluation 3.1 {BlAcore) by globally fitting the data to a stawple 131
{Langmuir) bindimg model. The 8F4 mAb showed nanomolar (nM) fevels of affinity with
hoth recombinant hGall and recombinant mGall, bat with higher affinity for thGall (KD
of 13 nM for rthGall compared to 38,5 nM for rmGall (Figure 6). In addition, the 8F4
mAb showed no binding or non~specific binding to higher concentrations of other

recombinant galecting, meluding Gal2, Gal3, Gald, Gal7, Gal8, and Galv.

Example 4. Selectivity of neutralizing anti-Gall monoclonal antibodics usefid for

therapeutic applications

The significant preference for binding of thGall by the 3F4 mab over binding
roall provides additional explanation for the observation that the 8F3 maAb is velatively
less effective o blocking mGallm #n vive munne tumor models. In addition, six of the
twenty {35%0) amine acids in the region C61-F80 m the CBD adjacent to the epitope that
SFE4 mAb binds are different between mGall and hGall. These anino acid differences are
balieved to alter the conformation of the UBD and Bt the efficiency of 8F4-mediated
blockade of mGall. This effect is further believed to be compounded by the fact that there
are fwo anuno acid differences in the nurine and human epitopes that ]F4 mAb binds.
Thas, the use of pre-clinical murine tumor models for assessing the suitability of the 8F4
mAb for clinieal development 1o humans should be balanced by the fact that the 3F4 mAb
fas a higher affinity for hGatl than for mGall.

Such use s contemplated with or without combination with additional agents, such
as inhibitors of wmmune checkpoing inhibitors. For example, progranumed celt death Hgand
1{PD-L1, also known as BT-H1/CD274} 15 a cell-surface glycoprotein belonging to the B7
family of costimulatory molecules primarily expressed by antigen-presenting cells and that
serve to regudate the celtalar immune vesponse (Zoa ef af (2008) Nat. Rev. Immunel. 3:467-
477 Kewr ef of. Q2008) Amine. Rev, Somuncl, 26:677-7043. Binding of PD-L1 to its cognate
receptor PD-1 didubits proliferation of activated T cells in peripheral tissues leading to ¥T-
cell exhaustion,” a functional phenatype that can be reversed by PI-1 blockade (Barher a1
af. (2006) Natwre 439:082-687; Freeman ef ol (2000) J Fxp Med, 192:1027-1034; Dong &
al, (1999 Naw. Med, 3:1363-1369), Many buman malignancies, including carcinomas of

lung, ovary, and colon; melanomas; anaplastic large cell lvmphomas; adult Treell
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fymphomas; and cutaneous T-cell tvmphomas express PD-L1 whereas normal human
tissues, except for monocyites, macrophages, and placental synctiotrophoblasts, do not
express detectable levels of PD-L1 by taswmobistochemustry (Keowr er ol (2008) A Rev.
Iinpanol, 26:677-704; Dong e of. (2002) Nat. Med. 8:793-800; Konishi ef al. (2004) Clin,
Cancer Res. 1:5094-3100; Kozako er ¢l (2009) Lenkenvia 23:375-382; Andorsky ¢ al
{201 1) Clin. Cancer Res. 17:4232-4244; Kamgekure e all (20123 Am. L Dermatopathol,

3B 126-128; Wilcox ef gl (2009 Rivod 11421492138, Wilcox er ol (2012) £ J.

Haemaiol. 88:465-4758), In vigro and preclimical studies have shown that disruption of the

PD-1PD-L1 interaction potentiates the ibwnanc response and promoetos aplitumor activity
{hwai ef ol (2002) Proc. Natl dead. Sci., US4, 99:12293-122973, Recent Phase [ olinical
trials with bumanized ang-PD-1 and ant-PD-L T antibodics have produced durable elinical
responses in a subset of patients with solid organ malignancies, most notably melanoma,
non-smali cell kg cavcmoma, and renal-cell carcinoma, suggesting a promsiag Hae of
therapy based on targeting the PD-1/PD-L1 axis (Brahmer ef ol 2010 J Clin. Oncol.
IK3V67-3175; Brahmer er ol QOI2YN. Engl T Med. 366:2453-2465; Topalian et al.
QROID N Engl J Med. 366:2443-2454),

As deseribed herein, Gall is another Innmanoregulatory moleculs. 1t has been
shown that Gall is expressed by a vanety of solid tumors and bymphoproliferative
disorders, mchuding gastrointestinal malignancies, thyroid papillary carcinoma, laryagea
squmnous cell carcmoma, cutaneous T-cell lvmphoma, MLL-reavranged B-lymphoblastic
tymphoma, and the Reed-Sternberg colls of classical Hodgkin lympboma (¢HLY (Cedeso-
Lavprent er of. (2012} Blood 119:3534-3538, Juszcaynski er o, (2010 Ul Caneer. Res.
16021222130 Saussez ef al. 2007} hersational Jowrnal of (neolagy. 301 HE: Danguy
ef al. (2002} Rivchim. Biophys. Acia, 1372 28528-28329; Yamamoio of «f. (2008} Blood
132203224 Gandhi ef ol (2007 Blpod V132621329, huszezyasks &f ol (2007) Proc.
Nad dead. Sci US4 164 13134-1313% Green ¢f o, (2010} Blood 116:3268-3277: Green
et ol 2012y Clin. Cancer Res. 18:1611-1618; Ouvang ¢ al {2011) Blood 117:4315-4322;
Rodig er af (2008} Cfin. Cancer Res 14:3338-33443. (Gall knockdown or blockade with
functionally antagonistic antibodics resulis in tumor rejection iz a T-cell dependent manner
in pre-clinical models of melanoma and Kaposi sarcoma {KS) (Rabinovich (2005) Br /L

Capcer, 92:1188-1192; Rubinstein ¢f af. (2004 Cancer Cell 5:241-251: Crovt ef ¢l (2002}

F Exp Med 209:1985-2000) and provents Gall-mediated apoptosis of CDE+ T cells
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targeting EBV infected human B-cells mn a model of PTLD (Ouyang er ol (2011) Rlood
743154322

Multimodal and combinatorial approaches {o cancer therapy are increasingly
targeting multiple mechanisms mvolved m tumor pathogenesis. Immune evasion is an
emerging hallmark of cancer that presents an atfractive target with several recent advances,
mehading clinical trials with hwmanized antibodies directed against immuone checkpoint
mofecules, such as CTLA4 and PD-1 (Hamshan er of. (2011) Cell 144:646-674 and Pardoll
(2012) Nat. Rev. Cancer 12:252-264). Becent Phase 1 clbmical tials with anti-PD-1 and
anti-PD-L1 antthodies @ patients with solid nunors demonstrate the need for a reliable
method of wdentifving those temors that express high levels of PD-L1T in order to timprove
wreatment efficacy (Brahmer ef ol 2010) 2 Clin. Oneol. 28:3167-3175; Brahmer ef ol
{2012 N Engl J Med. 366:2455-2465 and Topahan er of. (2012) N, Engl. J Med.
366:2443-2454). 1o the trial with anti-PD-1, 9 of 23 cases that cupressed any detectable
tumor-gssociated PD-L1 by munmunchistochenustry showed a durable chinical response,
whereas no climical effect was observed m those paticnts with fwmeors lacking detectable
PD-L1 (Topahan et gl {2012} N Engl. J Med. 366:2443-2454). The data described herein
demonstrates robust membranous PD-L1 staining i the majority of EBV -positive DLBCL
of the elderly and invpunoconmpronused, NPC, and ENKTCL cases. A nunority of EBV-
negative PTLD, EBV-negative DLBCL, PBL, and PEL cases were positive for PD-L1L

Gall is also an emerging immunomodulatory molecule that feads o apoptosis of T
culls and blockade of Gall gene expressicn protmoies fumor rejection in mouse models (Lio
ef af. (2005) Nat Rev. Capcer 3:29-41 and Rubinstein et o (2004) Cancer Cell 5241
251). Gall stabung has been deternuned to be found in the wayority of EBV-positive
DLBCL, ENKTCL, and PBL. as well as the HHVE-associated tumors KS and PEL. These
datit indicate that classes of visallv-driven malignancies can benefit from targeted thervapy
against PD-L1 and Gall and provide a rehable method for identifying those cases that may
specifically respond to such treatment.

in hne with previous studies cxamibing the AP-1 and EBV-dependent expression of
Pi-L1 and Gall m EBV-positive PFTLD and cHL (Juszezynski e ol (2007} Proc. Nail,
Aead Sei UN4.104:13134-13139, Green ef gl (2012) Clin. Cancer Res. 18:1611-1618,
Ouyang ef al. (2011} Slood 117:4315-4322, Rodig ef of. (2008) (lin. Cancer Res. 14:3338-
33443, Gall and PD-L1 oxpression corvelated with expression of p-chun and hunB m EBV-

positive DLBCL and ENKTCL. Most EBV-negative PTLD cases showed expression of
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Junl3 and p-clon, despite being negative for BBV by previous EBER analvsis, and a subset
of these cases showed membranous PD-L1T staining. Some of these cases also showed
cytoplasmic PD-L1 staining, which is of yncertain significance as it is likely that only
membrane expression of PD-L1 would contribute to tumor immune evasion. These tumaors
were also uniformiy negative for Gall| in contrast to EBV-positive PTLD (Quyang e al.
2011) Blond 117:4315-43223. Smilarly, the majority of NPC cases had activated AP-1
signaling and strong PD-L1 staining but were negative for Gali. For PBL and PEL,
expression of the AP~ components correlated well with Gall expression, but several cases
were negative for PD-Li. Together, these data indicate alternative mechanisms for the
wprepdation of PD-L1 and Gall and that AP-1 activation or EBV-positivity i» not
sufficient for driving expression of Gall,

Amplification of the 9p24 locus, as shown for ¢HL (Green e @ (2010} Blood
116:3268-3277), may be a common finding i humors that overexpress PD-L1 bat are
negative for EBY or activated AP-1 components. Conversely, interrogation of tumors that
harbor 9p24 amplification, such as gray zone lymphoma and breast carcinoma (Eberle ef gl
(201 1) Modern Pathology 24:1586-1597 and Wu er af. (2012} Oncogene 31:333-341), for
PD-L1 expression would further identify candidates for anti-PD-L1 inmmanotherapy.
Alternatively, aberrant signaling through the STAT3 pathway, first demonstrated in ALK
positive T-cell lymphoma as a result of the NPM/ALK fusion protein {Marzec ef ol (2008)
Proe, Natl, dcad. Scé. US4, 105:20852-20857) can provide another mechanismy for PDALI
CXIESSIoN.

An interesting exception to the other EBV-positive malignancics s the absence of
Gall, PD-L1, and JunB/clun statming m virtually all EBVe-positive BL cases. It is known
that the EBV lkatency program in BL s different from DLBCL (Vereide ef ol (2011} Blood
117:1977-1983 and Bornkamm (2009) Semin. Cancer Riol, 19:351-365). Specifically, a
smaller sot of viral proteins ave expressed in BL and LMP1 15 not expressed. Tn studies of
EBRV-dependent expression of Gall and PD-L1 in PTLD and ¢HL, it was shown that Gall
amd PD-L1 exprossion was dependent specifically on LMPT (Green e of. (20123 Clin,
Cancer Res, 18:1611-1618 and Ouyang ef ol Q011 Blood 117:4315-43223. Thus, lack of
LMP1 i BL tumaor cclls may result in the fatlure to activate AP-1 signaling and
consequently an absence of detectable Gall and PD-L1 oxpression. Furthermore, 1t has
been shown that the Mye protemn counteracts the expression of PD-L1 (Durand-Panteix e

al, GO L Dnunol, 1890181-1903. Thus, i s belisved that BL tumor cells, by virtue of

~ HE .
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sy wanslocaton/amplification and an altered EBV latency program, would not benefit
from targeted therapy against Gall or PD-L1. This finding also raises the possihility of
downregdation of PD-L1 in other tumors that overexpress Mye, such as so-called double
hit DLBCL (Aukema ef o (2011 Blood 11723192331},

For HHV8-postive malignancies KS and PEL, the najority of cases were positive
for Gall and AP-1 components, bui only one case of PEL showed membranous PD-L1
staining and only one case of KS showed cvtoplasnue PD-L1 stainimg, Endothelial cells
also stain for Gall requiring caveful interpretation of KS, which represents a proliferation of
eadothelial-derived tamor cells. A recent analysis of Gall expression in KS included
analysis of bentgn vaseular proliferations and Gall was only upreguiated in KS samples
{Croct er gl 2012Y.0 Exp. Med, 209:1985-2000), Funthermore, the same neotralizing anti~
Giall antibody used in previous studies was shown to attenpate abnormal angiogenesis and
promote tanwer regression i mouse meodels of K8 (Croet ef of, (201230 Exp. Med,

209:1985-20080.

Incomporation by Reference

Al publications, patents, and patent applications mentioned herem are hereby
incorporated by reforence in their entirety as if vach individual publication, patent or patent
application was specifically and individually indicated to be incorporated by reference. In
case of conflict, the present application, inclading any definitions hevein, will control.

Also meorporated by reference 1o their entirety are any polynucleotide and
polypeptide sequences which reference an accession number correlating to an entry in a
public database, such as those mamntained by The Instinge for Genomic Research (TIGR)
on the world wide web af tige.org and/or the National Center for Biotechnology Information

{NCBI) on the world wide web at nebialmash gov.

Equivalents

Those skilled i the get will recognize, or be able to ascertain using no more than
routine experimentation, nmany cguivalents to the specific embodiments of the present
mvention deseribed heremn. Such equivalents are intended to be encompassed by the

following claims.
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What is claimed is:

1. A recowmbinant polypeptide of fess than or equal to about 60 apuno acids m fength
comprising an amino acid sequence that is at feast 8% identical to an amino acid sequence

selected from the group consisting of residues 102-115 of SEQ 1D NOs: 1-16,

T4

2. The recombinant polvpeptide of claim §, wheren said polypeptide is equal to 14

amino acids in fength.

By

3 The recombinant polypeptide of claim 1 or 2, wheretn smd amino acid sequence 1s

10 wdentical to the amino acid sequence of residues 102-115 of any one of SEQ 1D NOs: 1-16,

4. he recombinant polvpeptide of any one of claims 1-3, wherein said polvpeptide
4 Ti binant polb tide of am fel 13, wi d polvpeptids

farther comprises 8 heterologons sequence.

is A The recombimant polvpeptide of any one of elaims [-4, wherein the polypeptide is
isolated.
6. The recombinant polypeptide of any one of elaims 1-5, wherein said polypeptide is

covalently hnked to a detectable label.

20
7. The recombinant polypeptide of any one of claims 1-6, wherein said polyvpeptide is
covalently bouded to a carrier molecule or immobilized on an object.
5. The recombinant polvpeptide of claim 7, wheren the object is selected from

2% the group consisting of 3 cell, 3 metal, a resin, a polvmer, a ceramic, a glass, a

nucroctectrode. a graphitic particle, a bead, a gel, a plate, an array, and a capiflary

e,

9. A recombinant nacleie acid molecole baving a sequence that hybridizes ander

36 stringent conditions with the conmplement of a nucieic acid encoding a polvpeptide of any
one of claims 1-8 or having a sequence with at least about 953% homology to a nucleic acid
encodding a polypeptide of any one of claims -8, wherein the nucleie acid molecule 1s only

as long as required to encode the polypeptide.

~ Gy -
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WL Avector comprising the recombinant mucleic acd of clatm 9, optionally whevein the
vector 1S an expression vector comprising a promoter to which the nucleic acid is operably

linked,

1 A host cell which expresses the polypeptide of any ong of claims 18, comprises the

nucleie acid of claim 9, or comprises the vector of claim 1

12, Aninungnogenic composition comprising the polypeptide of any one of claims 1-8,
the nueleic acid of claim 9, the vector of clatm 10, or the host cell of claim 11, and &

pharmaceuticaily acceptable carrier.

130 The immunogenic compaosition of claim 12, further comprising at least one

addittonad mmunostimudatory agent.

14, The imoumogenic composition of claim 13, wherein the immunostimudatory agent

is-an adpavant andor an immune checkpoint inhibitor,

18, The mmnumopenic composition of clatm 14, whercin the inwnune checkpoint is
cloeted from the group consisting of PD-1, PD-LL, PD-L2, LAG-3, TIM-L, TTLAA,
VISTA, B7-H2, B7-H3, B7-H4, B7-H6, 2B4, ICOS, HVEM, CD160, gp49B, PIR-B, KIR
family reeeptors, TIM-1, TiIM-4, BTLA, SIRPaipha (CD47), CD48 284 (CD244), B7 1,
B72 L0210 T-4, TIGIT, AZaR, and combinations thereof.

o

16, The imnmmogenic composition of claint any one of claims 12-13, wherein the

composition is capable of eliciting newtrabizing anti-Gall antibodies in mammals,

17 An isolated nevtrabizing anti-Gall antibody, or antigen binding portion thereof, that

spectficaily binds to the polypeptide of any one of claims 1-8.

18, The antibody, or antigen binding portion thereof, of clam 17, whichis a
monoclonal antibody, polvelonal antibody, chimerie antibody, hamanized antibody, single-

chain antthody, antibody fragment, composite, nawrine, heman, or is detectably labeled.

18, The antthady, or angigen-binding Fagment thereof, of claim 17 or 18, which is

detectably labeled, comprises an effector domain, comprises an Fo domain, andfor 1s

20 -
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selected from the group consisting of Fy, Fav, F(ab™)2), Fab™ dsFy, scFv, sofFvi2, and

diabodies fragments.

20, A methed of identifving 8 noutratizing anti-Gall antibody comprising

{a} administering an coffective amount of an agent selected from the woup consisting
of the polypeptide of any one of elaims 1-8, the nucleic acid of claim 9, the vector of claim
18, the host cell of claim 11, or the immenogenic composition of any one of claims 12-16,
to a subvject fo generate antibodies that neetralize Gall; and

{b) isolating anti-Gall antthodies specific for the administered agent.

21 A method of identifying a neutralizing anti-Gall antibody conyprising

{a) administering an effective amount of an agent selected from the group consisting
of the polvpeptide of any one of claims -8, the mucleic actd of claim 9, the vector of claim
10, the host cell of clmm 11, or the impunogenic composition of any one of claims 12-16,
to B cells in an & vigro cell culture system o generate antibodies that neuwabize Gall; and

{b} isolating anti-Gall anttbodies specific for the admuustered agent.

22, A mcthod of makmy an 1solated hvbridoma which produces a newtralizing anti-Galt
antibody that specifically binds to Gall comprising:
a) imnwmizing a mammal with or contacting B cells with an effective amount of an
agent selected from the group consisting of the polypeptide of any one of claims
1-8, the mucloke acid of claim 9, the veotor of claim 10, the bost coll of claim 1,
or the inumunogenic composition of any one of claims 12-16;
by optionally solating splenocyies from the immunized mammal;
¢} fusing splenceytes from the wwmunmzed mamaal or B cells with an immortalized
cell line to form hvbridomas; and
d} screening individual hybridomas for production of an anti-Gall antibody which

spectfically binds with the agent.
230 Anantibody produced by the method of soy-one of claims 20-22.

24, A method of clictting an anti-Gall immunce response in a subject comprising
administering to the subject a prophyiactically or therapeutically effective amount of an
agent selected from the group consisting of the polypeptide of any one of claims 1-8, the

mucleic acid of claim 9, the vector of claim 19, the host cell of claim 1, the bmmumogenic

PR AN
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composthon of any one of clanms 12-16, or the antibody of any one of claims 17-19 and 23,

to thereby elicit the e response.

25, The method of claim 24, wherein agent is admirusicred in a single dose,
addministered in pultiple doses, or 15 admunistered as part of a heterologous prime-boost

ropimen.

26, A method of mhibiting Gall activity in @ subject compnising administering to the
subject a prophylactically or therapeutically effective amount of an agent selocted froo the
group consisting of the polypeptide of any one of claims 1-8, the nucleic acid of claim 9,
the vector of claim 10, the host cell of clainy 11, the immunogenic composition of any one
of claims 12-16, or the antthody of any one of claims 17-19 and 23| thereby inhibiting Gall

activity I the subject.

27, A method for preventing or delaving the onset of, or slowing the rate of progressiomn
of, ot disease in a subject mediated by Gall activity, comprising adounistering to the subject
a prophylactically or therapestically cffective amouant of an agent sclected from the group
consisting of the polypeptide of any one of claims 1-§, the nacleic acid of elaim 9, the
vector of clmm 10, the host cell of clasm 11, the immanogenic conyposition of any ong of
claims 12-16, or the antibody of any one of claims 17-19 and 23, thereby preventing or
detaying the onset of], or slowing the rate of progression of, the Gall-mediated discase in

the subject.

28, The method of any one of clamms 24-27, further comprising administering at foast

one additional agent that upregulates an inumme response.

29, The mothod of clatm 28, wherein the at least one additional agent comprises an

nbibitor of an immane checkpoint.

30, The method of clatm 29, whoercin the mmmune checkpotut s selected from the group
consisting of PI»-1, PD-LA, PR-L2, LAG-3, TIM-1, CTLA4, VISTA, B7-H2, B7T-H3 B7-
H4, B7-H6, 284, 1COS, HVEM, CI 50, apd98, PIR-B, KIR family receptors, TIM-1,
TIM-4, BTLA, SIRPalpha (CD47}, CD4R, 2B4 (CD244), B7.1, B7.2, ILT-2, ILT-4, TIGIT.

A2aR, and combinations thereof,
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31 The method of any one of claims 27-30, wherein the Gall -mediated disease s a
Gall-positive cancer, Gall-mediated angiogenesis disorder, AP1-dependent bymphoid
matignancics, MLL-rearranged ALL, EBV+ post-transplant lvmphoproliferative disorder
{PTDL). nasopharvageal carcinoma, Kapost’s sarcora, breast cancer, prostate cancer, lung
cancer, pancreatic cancer, squamous cel carcinoma of the head and neck, hepatocellular

carciroma, and melanoma.

32, The method of any one of claims 24-31, wherein the subject I8 a manumal.
33, The method of olaim 32, wheroit the mammal 1s a buman,

- G4 -
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